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py his outstanding textbook has found widespread 
Popularity in previous editions. Although revised and 
brought up to date, the new edition maintains its modern 
theoretical approach to quantitative analysis interwoven 
with laboratory practice. Such features as the use of formal 
redox potentials, the Bronsted concept of acidity, and the 
treatment of ionic equilibrium constants as functions of 


N 
THIRD 


“QUANTITATIVE 


ionic strength have been retained in response to widespread 


acceptance and enthusiasm. 


Changes in the third edition include a more detailed 
w, 


discussion of many of the fundamental laboratory techniques, 
a new chapter on the theory and use of ion exchange in 


analytical chemistry, and expansion of the chapter on 
colorimetric methods to include photoelectric instruments 
of both the one-cell and two-cell types. These additions 


represent but a few of the improvements in the new 
25 pages, $5.00 > edition which will insure its continuance:as 
Zz a leader in the field. 


OTHER | MAJOR BOOKS 


PRINCIPLES AND PRACTICE OF SPECTROCHEMICAL ANALYSIS 
By Norman H. Nachtrieb. 324 pages, $4.75 
INORGANIC SYNTHESES. Volume III 
Edited by L. F. Audrieth. 230 pages, $4.00 
THE CHEMISTRY OF URANIUM 
By Joseph J. Katz and Eugene Rabinowitch. 
National Nuclear Energy Series, Division VIII. Vol. 5, 609 pages, $7.25 
ANALYTICAL CHEMISTRY OF THE MANHATTAN PROJECT: 
URANIUM and THORIUM 


N\ Edited by C. J. Rodden. 
National Nuclear Energy Series, Division VIII. Vol. 1, 748 pages, $6.75 
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In a recent widespread survey, you chemists 
told us a good deal about your likes and 
dislikes. 

You liked ‘Baker Analyzed’ C. P. Chemicals 
and you ranked them as the No. 1 line of 
Laboratory Chemicals in dependability, in 
known quality, and in availability. That 
was fine praise, and we liked it. 

Then, some of you told us some things you 
didn't like: 

You asked us not to call our chemicals 
‘C. P.’—but to use the term ‘Reagent.’ 
You felt that ‘Baker Analyzed’ Labeling 
could be improved. You wanted the actual 
analysis on the label, but you wanted it in 
type that could be more easily read. You 
also wanted the chemical name to appear 
in bolder display. 


REAGENT 


1-3140 


—, 


We welcome your suggestions and we're 
planning to follow them. Presently, you 
will begin to see the new ‘Baker Analyzed’ 
Reagent label, similar to specimen below, 


Of course, the transition will have to be 
gradual. It will take a long time before all 
‘Baker Analyzed’ Reagents reach you with 
the new label—for Baker distributors will 
continue to receive laboratory chemicals 
labeled both ways until this transition can 
be completed. 


This new label is another contribution to 
the needs of the laboratory chemist by the 
makers of Baker Reagents, already first in 
dependability, first in known quality and 
first in availability. J. T. Baker Chemical 
Co., Executive Offices and Plant: Phillips- 
burg, New Jersey. 


Baker Chemicals 


FINE 


INDUSTRIAL 


1 LB.(453.69-) 


Avoid contact with skin, 


WARNING! 
Causes Severe Burns 
to Skin and Eyes 


eyes, and clothing. 


internally. 
solution to avoid violent 
ide 
i . . th 
i ately flush skin wi 
water for at least 15 mi 
| attention. 


POISON 


i : Flood with water, then 
hates ‘ — in eyes, wash with satu 


ash with vine : NAL: Do not use 
rated boric acid solution. of diluted 


* i ith lar ith 
emetics. Give water vice. Follow 
vinegar, lemon oF pigs wiih water. CALL 


ilk or white of eggs 
PHYSICIAN. 


KO 


J.T. BAKER CHEMI 


PELLETS 


Potassium Hydroxid 


‘Baker Analyzed 


CAL CO.. PHILLI 


F. W. 56.104 


REAGENT 


A. Cc. S. SPECIFICATIONS 


MEETS 
ANALYSIS oF LOT NO. 5150 
8 % 
H) -------> - 
Compounds (as N) 00004 
Phosphate. (POs) 
Heavy Metals (as AG 0.000 
Baker Sodium (Na) ---------- 
PSBURG. N.J. 


What Reagent 
told us about you 


228 


228 


ease | 


3 
3 
4 
me jur 
N. 
bot 
Cat 
298 
28 
29 
: 
228 
: 
‘ 
: 
ute 


y SEMIMICRO REAGENT BOTTLES 


Set of selected Reagent Bottles in acid-resistant Rack, for student use 
in qualitative semimicro analysis 


| rT 


below. 


> to be 
fore all 


ou with 


SET OF SEMIMICRO REAGENT BOTTLES IN RACK, For Selected Organics 
emicals for student use in qualitative semimicro analysis in con- 
junction with Hogness and Johnson, “Qualitative Analysis | Cat. No. Label No. Name Label 
10Nn can and Chemical Equilibrium,” (Henry Holt & Co., New York, | oog4-4 100 


ors will 


Aluminon (Al reagent) Aluminon 


N. Y., 3rd ed., 1947. Consisting of 2285 Rack, as described “ 200 Dimethylglyoxime (Ni reagent) DiMe Glyox 
below, and the following assortment of sixty-four labeled fa 245 Methyl Alcohol CH,OH 


bottles, i.e., fifty-two '/2-0z. bottles and twelve 1-o0z. bottles: 255 esorcinol S&O (Mg) 


ition to 
For Liquids 


; by the Cat. No. Label No. Name Label For Acids and Bases 


first in 2284-A é Ammonium Acetate NHsA | 
Ammonium Carbonate (HiD-co, 2284-F Acetic Acid, glacial, 6M 
it and Ammonium Chloride NH,«C 2284-H Ammonium Hydroxide, conc., 
ity Ammonium Iodide 
. Ammonium Molybdate Amm. Moly. 2284-F 5 Ammonium Hydroxide, 6M 
hemical Ammonium Nitrate NHsNOs Ammonium Hydroxide, 3M 
5 Ammonium Oxalate (NH4)2C20, | 2284-H Hydrochloric Acid, cone., 12M 
hillips- 5 Ammonium Sulfate (N Ha)2SOx 2284-F 5 Hydrochloric Acid, 6M 
Barium Chloride BaCl sin 5 Hydrochloric Acid, 3M 
Bromine Water , | 2284-H 60 Nitrie Acid, conc., 16M 
Calcium Chloride y 2284-F Nitric Acid, 6M 
Carbon Tetrachloride is 5 Sodium Hydroxide, 6M 
Ferric Chloride 2284-H Sulfuric Acid, conc., 18M H2SOx, cone. 
Ferric Nitrate Fe(NOs)s 2284-F Sulfuric Acid, 6M H2SO;, 6M 
Ferrous Sulfate FeSO, 
Hydrogen Peroxide H202 
ad Nitrate (NOs): 
Magnesia Mixture i | For Solids 
Manganous Chloride 
Mercurie Chloride y 2284-K 5 Aluminum 
Potassium Chromate 2284-M Ammonium Chloride 
Potassium Nitrite KNO: se Ammonium Nitrate 
Potassium Permanganate c = Ammonium Sulfate 
Potassium Thiocyanate KSCN " Calcium Fluoride 
Silver Nitrate 2284-K Ferrous Sulfate 
Sodium Acetate Iron e 
Sodium Carbonate ved ¢ Potassium Ferricyanide K3Fe(CN)« 
Primary Sodium Phosphate 2284-M Potassium Nitrite <NO: 
Secondary Sodium Phosphate NaeHPO, 2284-K 600 Potassium Permanganate KMn0, 
Sodium Bisulfate NaHSO, Sodium Bismuthate NaBiO; 
Sodium Sulfate Na2SO, 2284-M Sodium Carbonate NazCO; 
Stannous Chloride SnCle Sodium Thiosulfate Na2S:03 
Zine Nitrate Zn(NOs)2 2284-K Zine Zn 


2285-D. Set of Semimicro Reagent Bottles in Rack, as above described, complete with 2285 Rack and assortment of sixty- 
four labeled bottles as itemized above, but without reagents 


2285. Rack for Semimicro Reagent Bottles, as suggested by E. L. Haenisch, formerly of Villanova College. Of hardwood with 
acid-resistant dull black finish for convenience in reading labels; 28 inches long X 5%/,; inches wide X 71/, inches 
total height. Bottom row accommodates twelve 1l-oz. bottles 13) inches square and twelve 1/,-0z. bottles !5/,.-inch 
square; second and top rows each accommodate twenty-eight '/2-oz. bottles of the same size; or a total of sixty-eight 
"s-O2. bottles and twelve 1-oz. bottles. Labels are in full view at all times as the square bottles can not be turned 
in the rack. These racks are offered as a convenience for laboratories where shop facilities for making such racks 
are not readily available 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U. S. A. 
Cable Address, ‘‘Balance,”’ Philadelphia 
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PHYSICAL BIOCHEMISTRY 


Second Edition. By Henry B. BuLL, Northwestern University Medical School. An outstanding featuy 
| is the set of problems which has been added at the end of each chapter. The book has been large| 
| rewritten to bring it up-to-date; new chapters include “Biopolymers”? and ‘‘High Polymeric Stru 
| tures.” The author uses biological illustrations wherever possible and puts considerable emphas 
| on techniques and methods—including electrophoresis, light scatter, and the use of isotopes anj 
| tracer elements. Ready in August. 355 pages. Prob. $5.50. 


RADIOACTIVITY APPLIED to CHEMISTRY 


Edited by ARTHUR C. WAHL and NorMAN A. BONNER; both at Washington University. For senior anf 
graduate students: important information on the possibilities of applying radioactivity to chemis 
with a summary of the work that has been done. Part I: principles and ideas; Part II: more tha 
200 pages of tables with data published from the time of the discovery of radioactivity through 194) 
Continues the study begun by the Friedlander-Kennedy Introduction to Radiochemistry. July. 604 page, 
$7.50. 


An INTRODUCTION to ORGANIC CHEMISTRY 


Seventh Edition. By the late ALEXANDEk Lowy and BENJAMIN HARROW. 7th edition revised by BENJAM 
Harrow and Percy M. ApFELBAUM; both at The College of the City of New York. Written in the samy 
direct, simple, brief style that characterized former editions, with emphasis on elementary essential 
The seventh edition is brought up-to-date and a chapter added on polymers. June. 480 pay 
$5.00. 


An INTRODUCTION to the CHEMISTRY of the SILICONES 
| 


Second Edition. By Eucene G. Rocuow, Harvard University. Organized to provide readily availab 
information on what silicones are, how they are made, what types have been developed, and whi 
properties and uses are known. This edition has been brought up-to-date and includes four n 
chapters: “The Carbon-Silicon Bond”; ‘Synthesis of Organosilicon Compounds”; *‘*The Physi 
Chemistry of Silicones”; ‘Tables of Physical Properties of Organosilicon Compounds.” ju 
213 pages. $5.00. 


PHASE TRANSFORMATIONS in SOLIDS 


Edited by R. SMoLucHowsk1, J. E. Maver, W. A. Wey. The result of a symposium held at Cornq 
University, this book is made up of the papers presented plus the discussions on the papers. Th 
first chapters deal with theoretical-physical material, the next with non-metals, and the last wil 
metals. The contributors include most of the leaders in the field. Ready in September. Approx. 6 
pages. Prob. $9.00. 


ULTRAVIOLET SPECTRA of AROMATIC COMPOUNDS 


By Roserzt A. FRIEDEL and Mitton Orcuin; both of the Bureau of Mines. Consists essentially of approx 
mately 600 curves of organic compounds amenable to ultraviolet spectrographic identification. / 
types of polynuclear organic compounds—aliphatic, aromatic, alicyclic, and heterocyclic—are repm 
sented, although the emphasis is on aromatic compounds. In addition, there is a brief section 4 
quantitative techniques, and a short discussion on the spectral features of each type of polycy 
compound. Spirally bound, punched for notebook insertion. Seplember. Approx. 618 pages. Pm 
$70.00. 


The VITAMIN B COMPLEX 


By F. A. Rosinson, Allen & Hanburys, Ltd., England. An evaluation of the significance of each vitam 
in itself and in relation to one another. Stressing the strong family likeness of the members of # 
complex, the author formulates the thesis that the basic metabolic processes in which members 
the vitamin B complex play a part are common to all living organisms. May. 688 pages. $9.00. 


ARTIFICIAL FIBRES 


By R. W. Moncrierr. The first part of the book covers the fundamental concepts as well as the il 
points of the structure and properties of fibres. Part II treats regenerated cellulosic and alginic fib 
while Part III deals with regenerated protein fibres. Synthetic fibres individually discussed in Part 
include nylon, perlon, terylene, Vinyon, ‘“‘Velon,” “‘permalon,” Pe Ce, orlon, polythene, and plex 
Part V covers processing, and the last chapter is concerned with identification and estimation. 1 
313 pages. $4.50. 


An INTRODUCTION to TEXTILE FINISHING 


By J. T. Marsu. This book treats:-all types of finishing and is based on modern concepts of text 
fibers, taking into account recent discoveries about their molecular structure and chemical constil 
tion. It is clearly written and easy to understand. 7957. 552 pages. $5.50. 


Send for copies on approval 


JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N. 
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Now ready to help you. 
The NEW easy-to-read, 
easy -to-find, easy-to- 
order-from 896-page 
NYLAB Catalog 7 of 
Scientific Instruments 
and Apparatus. 


NEW SIMPLIFIED PAGE STYLE of NEW NYLAB CATALOG? 


EACH PAGE INDEXED. The @ Alphabetic listings with each item and size of i 
upper outside corner of each carrying its own catalog number in bold face type. 
page carries the individual 
page listing directly above 
the page number to assist in @ Large page size, 8 x 103, inches, printed on a 


e@ Fully illustrated with 3,547 individual illustrations. 


gn identifying the proper sec- stock, bound in durable Fabrikoid and embossed i 
28 tion of the catalog. green and gold. 
: CLEAR FACTUAL ILLUS- © One column page style facilitates easy location ¢ 
TRATIONS. Over 3,500 illustration and descriptive matter. 
aa large illustrations arranged e Extensive 48-page, cross-reference index section printel 
ee alongside the descriptive on a different colored stock for instant reference. 


material, with each illustra- 
tion bearing the catalog 
number and description. 


AN INDIVIDUAL NUMBER 
FOR EACH STYLE AND aa 


@ Up-to-the-minute listing of the latest development, 
improved designs and specifications of scientific instr 
ments and apparatus. 


BAL 


SIZE. For fast, easy order- 
ing, each size and style of it 

a item carries its tit How to Get Your Copy = 
FACE catalog number. Your Write today on your company or 
assurance of receiving the institution letterhead, giving 

item you desire by merely name and title of individual to 
writing one number instead receive this valuable 896-page 


of the customary lengthy catalog. 
description. 


76 Varick Street Catalog Dept. New York 13, N. Y. 
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THE 


ELECTRIC 
DRYING 
OVEN 


The Sargent electric drying oven was designed 
to fill the need of chemists for a dependable, 
low-cost, automatically controlled oven with 
a long service life. That it has achieved this 
objective is evidenced by the fact that thou- 
sands of these ovens are now in use in labo- 
ratories all over the world. 


THE MULTIPLE CHROMEL WIRE HEATING ELEMENTS are arranged to 
give even heat distribution throughout the entire oven. 

THE VENTILATING SYSTEM provides rapid transfer of air through the 
oven, which results in an exceptionally fast drying rate. 

THE METAL WALLS are lined with 14” Transite, to prevent excessive heat 
loss and the bimetallic thermostat maintains the heat in the oven 
to within +1° C. of the desired temperature. 

THE OPERATING RANGE is from slightly above room temperature to 
200° C. (392° F.). 

ALL CONTROLS—the three heat switch—the thermostat control and the 
pilot light—are located on the front panel which is actually the 
front of a drawer on which the heating elements are mounted. 
By removing two screws at each end of the panel the entire heating 
and control systems can be removed from the oven as a single unit. 

MAXIMUM POWER CONSUMPTION 850 watts. Dimensions: Outside, 
16” x 1134” x 11%”. Inside 9” x 114%” x 1144”. 

S$-63995 OVEN, Sargent, Automatic Electric, with Thermostat. 
Complete with shelf, thermometer (—10° C. to +-200° C. in 0.1° 
subdivisions), pilot light and cord and plug for standard 115 volt 


$-64005 Ditto—but for operation from 230 volt A.C. or D.C. 
Circuits ........ $41.00 


Please mention CHEMICAL EDUCATION when writing to advertisers 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS +» CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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Beckman pioneers another instrurnentation advancement . . . 


NEW SINGLE BEAM SYSTEM IS SIMPLE, ACCURATE, RELIABLE 


The Beckman Single Beam Direct Transmittancy Recorder employs the memory 
standardization principle, using reliable electronic circuits instead of complicated 
mechanical-optical arrangements. It successfully combines the highest accuracy with the 
utmost in reliability and convenience. A standardizing run is made on the empty or 
solvent-filled absorption cell. During this run the signal from the photoreceiver is auto- 
matically maintained constant, and the resulting slit width vs. wavelength function is 
“memorized” on a wire recorder. The sample is then placed in the same ceil, and in- 
formation played back from the wire recorder automatically controls the wavelength and 
slit drive motors to reproduce precisely the conditions which produced the constant 
100% reference level. Any absorption resulting from the sample is accurately and auto- 
matically recorded directly in transmittancy. On repeat runs, the same reference wire 
is used, eliminating repetition of standardizing measurements. 

Single beam transmittancy recording retains the excellent resolution, low stray 
light, high stability and drift freedom, and the wavelength accuracy of the well-known 
Beckman Spectrophotometers. Other advantages are summarized at the right. 


THREE UNEXCELLED INSTRUMENTS FOR ANY REQUIREMENT 


Beckman Single Beam Direct Transmittancy Recording is available either (1) 
as an accessory unit for direct installation on any Beckman IR-2 Spectrophotometer, or 
(2) with the IR-2 as a complete instrument, or (3) in the new unsurpassed Beckman 
IR-3 Spectrophotometer—the most versatile, most accurate, most complete —and by all 
standards, the finest spectrophotometer money can buy.* For 
further information on these instruments write . . . 


Beckman Instruments, Inc., South Pasadena 36, Calif. 
Factory Service Branches: NEW YORK » CHICAGO >LOS ANGELES 


BECKMAN INSTRUMENTS 


control modern industries 


* As in all Beckman in- 
struments, your money 
buys more value than 
in any similar product. 


Control Unit 


SING LE BEAM 
direct 
Transmittancy 
recording 


BECKMAN 


IMPORTANT ADVANTAGES 
of the 
Beckman Transmittancy Recorder 


DB GREATER CONVENIENCE: The single-beam 
principle eliminates troublesome, time-wast. 
ing cell- and beam-matching problems, 


> GREATER VERSATILITY: Greater versatili 
and simplicity and lower costs are pes 
since special cells and attachments need not 
be duplicated for use in a reference beam. 


» GREATER ACCURACY: The single-beam 
principle eliminates problems of maki 
beam attenuator achromatic, linear and free 
of vignetting effects. 


e MINIMUM STRAY LIGHT: Only these single 
beam instruments use a filter-type beam 
chopper, reducing stray light effects toa 
eg (less than 2% at 15 microns with 

e IR-2). 


@ minimum SCANNING TIME: Optimum re- 
cording efficiency is achieved because each 
spectral slit width is traversed in a time 
Proportional to the response period of the 
recording system. Any other scanning rate 
loses either resolution, time or accuracy. 


B® MAXIMUM RESOLUTION: Slit width control 
has the advantage that the instrument is 
always working at maximum resolution for 
the chosen amplification and scanning speed. 


> FLEXIBILITY OF CONTROL: Operating 
speed, resolution and chart scales can be 
easily varied over wide ranges. A single con- 
trol adjusts scanning time per spectral slit 
width from 1 second to 128 seconds by fac- 
tors of 2. The wavelength motor speed is 
electronically controlled with no gear shift- 
ing needed to change scanning speed. 


In addition to recording linearly in wave- 
length, a unique electronic system enables 


recordings to be made linearly in other func- 
> a such as frequency or log wavelength. 
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ADJUSTABLE 


, new “Roller-Type” mills are adjustable through 
3 positions enabling units to handle standard jar mills 
or round containers of 2%” diam. to 15” diam. (roughly 
from 2 pint to 6 gal. capacity). “Roller-type” Jar 
Mills are sturdily built with welded steel frames. The 
rollers are made of a special rubber formulation 
molded on a %” diam. steel core; they are 12'2” 
long and average approximately 2” in diam. One 
roller is convex, one concave, and they revolve in 
heavy duty ball bearings. The entire construction is 
designed to provide long, trouble-free life, low power 
costs and minimum upkeep expense. 


Outstanding Features 


@ Will roll any round container—mill jar, bottle, can, 
etc. 


@ No clamping in frames or fastening required. Merely 
place container on the rollers. 


@ Special patented design of the rollers automatically 
centers the jar or container—prevents creepage, mini- 
mizes breakage. 


small batches of 
WET or DRY materials 


GENERAL UTILITY 
LAB MILL 


Powered by a % h.p., 110 volt, 60 cycle open- 


type motor. Rollers adjustable 
handles standard. mill jors ort 
tai ers of 2%" diam. to 12 om, nag 
th 1242”). Overall dimensions: ms 
14 wide x 16” high. Roller speed OPP 


mately 175 R.P.M. Net weight 75 Ibs. 
CAT. NO. N1930 .---> $172.50 


ROALAX MILL JARS 


Made of white chemical porcelain. Lid se- 
curely tightened by a novel locking cross-bar 


controlled by an extra large non-slip hand 

wheel. Gasket material is of rubber but Average No. 18 

chemically istant tygon gaskets or cork per Pound 

can be supplied. Price per Less than 100 ibs.—$.88 per Ib. 
Pound 100 to 500 Ibs.—$.74 per Ib. 


Size Capacity Chemical White 


Available in 2, 3, oF 4 i 


00 1 qt. $17.50 ceedingly hard, uniform in size and free from holes. 
2 27 gal, 7 50.50 62.50 Aver.No.per Pound 8 4.2 2 

4 4.4 gal. 63.00 76.50 Price per Pound -20 .20 .20 

6 6.8 gal. 74.00 


MULTI-UNIT 
JAR MILLS 


i dard 
ar units. Handle stan 
mill jars or round containers fon Se diam. to 
15” ‘ae Roller speed, 216 R.P.M. 


Overall 

SPECIFY VOLTAGE. 

Available with Explosion Proof Motor. Prices on Req 


GRINDING MEDIA 


No. N-2131“Borundum” Tubular Grinding Media. Cylin- 
drical in approximately '3¢” in diam. by 
long. Weigh 75-80% more, and up to 50% harder, than 
conventional media. Afford greater contact area for 
faster, better quality grinding. Reduced “wear-off" as- 
sures correspondingly less contamination of the mill charge. 


Cat. No.N-2132Flint pebbles. Specially suited for grind- 
ing jobs requiring less speed and moderate quality. Ex- 


SCHAAR & COMPANY 
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IT’S STANDARD PROCEDURE 
TO BUY FROM 


STANDARD 


Diffusion Pump 
TRIPLE-JET © AIR COOLED 


The Eimac HV-1 Diffusion Pump is a fast, triple- 
jet, air-cooled vacuum pump of the oil- diffusion 
type. When used with a suitable mechanical 
forepump and Eimac type A oil it is capable of 
reaching an ultimate vacuum of 4 x 10-7 mm of 
mercury. 


Assembly of the pump is a simple operation, 
requiring no special tools or intricate adjustments. 
It can be completely disassembled for cleaning in 
five minutes or less. 


The glass construction permits rapid inspection of 
conditions within the pump. 


FEATURES OF THE “EIMAC” PUMP 


For complete 


PYREX GLASS BARREL—Readily enables inspection of oil rings ansatented eat 
and internal operating conditions. epusttinddan 
SIMPLE CLEANING—This factor is one of the most important to write for our 
pump users. The “EIMAC”’ can be disassembled in a matter of minutes Bulletin EMC. 


without special tools. Normal cleaning procedure is 100% effective 
as there are no inaccessible areas. (With metal-barreled pumps inspec- 
tion is difficult and effectiveness of cleaning can be determined only 
after pump has been returned to service.) 


NO REFRIGERANT—The ‘“EIMAC”’ is entirely air cooled with the 


cooling accomplished from the draft of a small fan. 


NO CHARCOAL TRAP—The unique cold-baffle prevents entrance 


of oil vapor in the high-vacuum manifold. 


PIPE-FLANGE MOUNTING—Both high-vac and fore-pump manifold 


connections match standard pipe flanges. 


110 VOLTS AC-DC—No complicated electrical circuit is required as 


the heater operates on standard 110 volt power. 


No. 8465 Complete assembly includes flanges and nipples with necessary gaskets and complete operating —_ 


APPLICATIONS OF THE EIMAC PUMP 
EVACUATING METALIZING BY EVAPORATION VACUUM SINTERING OF METAS 
Electroni tub OBTAIN OPERATING PRESSURE 
SMELTING AND CAST- of cyclatrons and Y-12 
X-ray tubes ANTI-REFLECTIVE COATING FREEZE-DRYING OF BIOLOGI 
METAL TO CERAMIC BRAZING Optical components CALS 


STANDARD carries a complete line of laboratory apparatus. 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street “New York 12, N.Y: 
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DISTILLATION-TITRATION 
SUPPORT : 


A rigid and attractive lattice rod support for apparatus 
used in routine determinations can be set up easily and rapidly 
with Cenco Lattice Rod Clamps and Double Burette Clamps. 


instruction Mg = Illustrated is a compact unit that combines both titration and 

e $125. Kjeldahl distillation apparatus. 

uart $5.0 ; ‘i The upright rods of the framework may be anchored to the table 
top by means of aluminum base plates instead of the base rods 
shown. In the illustration the two burettes are held in No. 12123 
Cenco Double Burette Clamp. No. 16530A Cenco Adjustable 

\F METAL Heater or No. 11043A Cenco High Temperature Burner 

RESSURE may be used to supply heat for distillation. 

9 No. 19092 Lattice Rod Clamps are sold in packages of 

OLOGI- 12 for $5.40. Aluminum alloy rods are available in various 


lengths for all set-ups. 
. Write for circular 1189 
and circular 1205 


‘a CENTRAL SCIENTIFIC COMPANY 


N. Y. | Scientific Instruments « Laboratory Supplies 
1700 Irving Park Road, Chicago 13 


HICAGO new YORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER 
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How P YREX Brand 


Laboratory Ware 


SAFER! 


Extra Strength for added safety! That’s 
how PYREX brand laboratory ware 
compensates for your students’ jnex- 
Perience in handling lassware. [ts 
Sreater resistance to both thermal and 
Physical shock means better protection 
for the student -.. less worry for you. 
You'll find it easier, too, to teach 
chemistry with the Sturdy PYREX 
Chieve accurate re- 


durable PYREX 


your PYREX ware requirements, 


Comming meant iro 
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Laboratory Reagents| 


Are manufactured to meet definite standards of purity . . . 
standards which have been set up to insure products suit- 
able for research and analytical use. These standards are 
based upon the publications of the Committee on Analytical 
Reagents of the American Chemical Society and our own 
experience of over thirty years in the manufacture of fine 


chemicals. 


C & B Products are Distributed by Laboratory and Physician 
Supply Houses throughout the World. 


* 
Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


COLEMAN 
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Look To 
This Series Of 
McLeod Gauges for— 


4 INTRINSIC ACCURACY 


Uniformity of bore of closed capillary and 
the flattening of upper end in order to pre- 
cisely check the zero point. 

Scales are graduated in both the “square” 
and “linear” system, the former permitting 
more sensitive observations. Readings can 
be made in microns and equivalent mm. 
values. 

Individual precise calibration of ratio of 
volumes. 


STURDY, COMPACTLY SHORT, 
SIMPLE CONSTRUCTION 


Trap at top preventing overflow of 
mercury. 

Extra heavy wall mercury reservoir. 
3-way stopcock with tail outlet tilted, pre- 
venting overflow of mercury in tube. 
Specially designed air filter preventing 
contamination of system. 

Constriction of main tube preventing 
strain or breakage of flask by sudden re- 
turn of mercury. 


pC wine RANGE 


For maximum sensitivity this series of 
gauges offers adequate selection of work- 
ing range desired. See charts at right. 


The 


20-26 N. MOORE STREET 


GAUGE No. 1 
Range 


Scale High Vacuum Low Vacuum 


Square 0.005 mic. (5x10°°™") 200 mic. 
Linear 0.005 mm. 0.20 mm. 


Cat. t ». G10701—Complete with stand......$65.00 


a 
GAUGE No. 2 
Range 


Scale High Vacuum Low Vacuum 


Square 0.05 mic. (5x105"") 1000 mic. 
Linear 0.02 mm. 1.0 mm. 


Cat. No. G10702—Complete with stand......$65.00 


GAUGE No. 3 
Range 


Scale High Vacuum 


Low Vacuum 


Square 0.1 mic. (10*"™") 4000 mic. 
Linear 0.1 mm. 4.0 mm. 
Cat. No. G10703—Complete with stand......$65.00 
GAUGE No. 4 
Range 
Scale High Vacuum 
Square 0.01 mm. 
Linear 0.1 mm. 
Cat. No. G10704—Complete with stand 


GAUGE No. 5 
Suitable for A.S.T.M. Proposed Test for Reduced 
Pressure Distillation of Petroleum Products 
Range 


Low Vacuum 

15 mm. 

15 mm. 
$65.00 


Scale High Vacuum Low Vacuum 


20 mm. 
20 mm. 


Square 0.01 mm. 
Linear 0.1 mm. 


Cat. No. G10704A—Complete with stand......$65.00 


Co. 


NEW YORK 13, N.Y. 
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bi Books for Chemists 


S INTRODUCTORY CHEMISTRY 


a Lillian Meyer; Assoc. Prof., Chem., Western Michigan College of 


Education 


Written for the terminal courses in general chemistry for students in 
the applied biological sciences, this text is profusely illustrated, clear 
and simple in style, and stresses practical applications. Divided into 
four sections, the book devotes its first and longest part to an intro- 
duction to chemistry. The second section consists of a brief introduc- 
tion to organic chemistry. Nine chapters of elementary biochemistry 
follow, and three short chapters on textiles conclude the book. 
Published in June—$5.00. 


PRINCIPLES of 
GENERAL CHEMISTRY, 4th edition 


Stuart Brinkley; Associate Professor of Chemistry, Yale University 


Correlating general chemistry on the basis of structural relationships, 
the new edition of this famous text places greater emphasis than its 
predecessors on the experimental background of fundamental princi- 
ples. The development of theoretical principles from factual data is 
the keynote to the organization of the text—a feature which is particu- 
larly suitable to students with a real interest in chemistry. New 
simple diagrams have been added. Published in April—$5.00. 


FUNDAMENTALS of SEMI-MICRO 
QUALITATIVE ANALYSIS, revised 


Erwin Kelsey; Associate Professor of Chemistry, Yale University 
Harold Dietrich; Assistant Professor of Chemistry, Y ale University 


The revised edition offers a logical development of the major theories 
which underlie systematic qualitative analysis with the inclusion of 
some specific illustrations and their applications. There is greater 
coordination between theory and laboratory practice in analytical 
procedure. There are exercises in each chapter and with each analyti- 
cal group. Coming in August. 


4 THE MACMILLAN COMPANY 
60 Fifth Avenue, New York, N. Y. 
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EDWARD WICHERS 
1942—Present 


W. F. HILLEBRAND 
1917 


CHAIRMEN OF THE 
COMMITTEE ON ANALYTICAL REAGENTS 
OF THE 
AMERICAN CHEMICAL SOCIETY 1920-1942 


1903— 1951 
To these Chairmen and the men who have served 
on their committees—the chemical profession owes a debt of 
gratitude. Their devotion to an ideal of perfection has zy 


made trustworthy reagents readily available. ‘i 


Through the efforts of the Committee on Analytical Reagents, _ i 
standards of reagent purity, once unattainable, i = 


have been established. Culminating nearly half a century 4 
of continuous effort, the 1950 Edition of the A.C.S. 
Analytical Reagent Specifications is a monument to the labors, 
the vision, and the judgment of these men. 


Mallinckrodt, long a manufacturer of Analytical Reagents 
of highest purity, commends them for their 
J. H. LONG service to science. W. D. BIGELOW 
1903-1915 1917-1919 
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More than 400 Analytical Reagents i Og 
can be supplied from the stocks of i 
your preferred Mallinckrodt dealer . . . one 


devel 
new 
Hanc 


MALLINCKRODT CHEMICAL WORKS 
ST, LOUIS « NEW YORK 

Chicago Cincinnati « Cleveland tos Angeles 

Philadelphia San Francisco Montreal - Toronto 
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get best results with Glass Volumetric 
Apparatus... described in this new b00k 


As a service to scientific and clinical labo- 
ratories, Kimble Glass after months of 
development and research has prepared a 
new and informative book, ‘The Care and 
Handling of Glass Volumetric Apparatus.” 

Some of the subjects of vital interest to 


AY! 


laboratories are: a short history and ex- 
planation of the metric system of weights 
and measures; how to clean apparatus; 
how to read the meniscus; how to fill and 
empty flasks, cylinders, burettes, pipettes; 
gravimetric calibration; calculation of 


volume of a glass vessel from apparent 
weight of liquid; volumetric calibration. 

If you will mail the coupon below, 
Kimble will be happy to'send you, without 
cost or obligation, your copy of this in- 


formative book. 


Kimble Glass, Division of Owens-Illinois Glass Company CE-7 | 

Toledo 1, Ohio | 

Please send my copy of the new Kimble book, | 

The Care and Handling of Glass Volumetric Apparatus.” | 

ame. 

Address 

City State. 

LE GLASS | 
KIMB TOLEDO 1, OHIO 
Division of Owens-Illinois Glass Company | 
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Ouickty Available 


Wherever you are, 
there 1s a nearby supplier of Merck Laboratory Chemical 


There are 64 local suppliers of 
Merck Laboratory Chemicals 
throughout this country—one of the 5 
largest, most extensive distributive ¥ 
systems in the laboratory chemical 
field. When you specify Merck 

you can be sure of speedy 
shipment from your nearby source. 


Unvarying Purity 


Every batch of the 600 

Merck Laboratory Chemicals must 
a 3 meet the same predetermined standards 
J of purity—through one of the 
most rigid quality-control systems 
ever devised. For best results 

be sure to specify Merck. 


= MERCK LABORATORY CHEMICALS 


MERCK & INC. 
Manufacturing Chemists 
RAHWAY, NEw JERSEY 
In Canada: MERCK & CO. Limited—Montreal 
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Handiest 


The 


q Set No. 1241 
50 gram x 10 
mg. Total 
weight capacity 


101 grams. 


Perfect for School and Industrial Use 


At the amazingly low price listed, it will pay you to 
have a set of these weights for every balance you use. 
In the new, modern Clear-View plastic case, weights 
are well protected yet clearly visible through the trans- 
parent lid. Each weight has its definite place in the 
Shrink-proof bakelite insert, holes do not distort, 
weights do not stick. Furthermore, the set has been 
designed so that the lid prevents the weights from 
falling out of place when the box is inverted. The 
complete set is a compact and attractive unit which 
will easily fit into the drawer of an analytical balance 
case. 


Every weight is individually adjusted to well within 


Set Ever Made. 


50 gram to 10 mg., comple i 
with Stainless Steel Forceps | 


t the Amazingly Low Price 


$©Q).75 


per set 


Bureau of Standards Class “C” tolerances, the accuracy 
required for test weights used by Sealers of Weights 
and Measures. The weights from 1 to 50 gram are 
made of highly polished lacquered brass; fractional 
ram weights are satin finished aluminum. Each weight 
is clearly marked for easy identification. 
The forceps supplied are made of highly polished stain- 
less steel, and were designed for easy handling of the 
smallest weights. They will prove their worth in 
handling the weights, and as a generally useful labora- 
tory instrument. 
Available at Laboratory Supply dealers throughout 
the United States and Canada. 


We invite your inquiry for additional information and name of laboratory supply dealer nearest. you. 


OHAUS SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, N. J., U.S.A. 


Laboratory Scale and Weight Specialists Since 1907 


< AT™) 
In New, Modern 
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THEN DEPEND ON HARSHAW SCIENTIFIC TO SUPPLY IT 


All 6 Harshaw Scientific Offices maintain warehouse stocks 

of laboratory instruments, apparatus, and chemicals—in fact, 

thousands of different items . . . good, recognized items. 
We’ll ship your material from our branch nearest you... 


and there is one within fast shipping distance of you. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO : 


Cleveland 6, Ohio Houston II, Texas 
1945 East 97th St. 6622 Supply Row 
Cincinnati 2, Ohio Los Angeles 22, Calif. 
224-226 Main St. 3237 S. Garfield Ave. 
Detroit 28, Mich. Philadelphia 48, Pa. 
9240 Hubbell Ave. Jackson & Swanson Sts. 
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FOR YOUR ANALYTICAL WORK, you 
are always assured of dependability 
when you “specify B&A Quality 
Reagents”. This is because Baker & 
Adamson makes no compromise on 
the purity of its reagents. Each is 
precision-made to meet the rigid, pre- 
determined specifications of the 
American Chemical Society itself! 


WITH REAGENTS not covered by 
A.C.S. specifications, Baker & 


...A Name You Can Trust 


Adamson establishes its own exact- 
ing standards of purity—comparably 
high . . . equally dependable. 


OVER 1,000 high purity products 
bear the familiar B&A Shield of Qual- 
ity. They are available from B&A’s 
own nation-wide chain of distributing 
points to save you time and money in 
laboratory operations. For your needs, 
specify B&A Reagents ... first choice 
of American chemists since 1882. 


BAKER & ADAMSON 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


Offices: Albany * Atlanta Baltimore* Birmingham* Boston Bridgeport* ¢ Buffalo* 
Charlotte* ¢ Cleveland* Denver* Detroit* Greenville (Miss.) Houston* 


Jacksonville Kalamazoo Los Angeles* 
Pittsburgh* Providence* St. Louis* 


¢ Minneapolis * New York* ¢ Philadelphia* 
San Francisco* ¢ Seattle * Yakima (Wash.) 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 


SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 


* Complete stocks are carried here, 
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Research 


uses the new 
to ana 


THE PEAK IN POLAROGRAPHY- 


Meticulous attention to detail has produced 
in the new Type E Electro-Chemograph and as- 
sociated apparatus modern instrumentation for 
accurate polarographic analysis. The equipment 
meets the most advanced needs of polarographic 
research; yet it's simple enough in operation for 
any technician to use in rapid routine analysis. 


A built-in Speedomax Microampere Recorder 
measures maximum diffusion current so accurately 
in the undamped condition, that the envelope of 
peak current values (the dist from bottom to 


top of the large Electro-Chemograph curve pic- 
tured here) can be used directly as a basis of 
precise quantitative analysis. This permits more 
absolute quantitative determinations employing 
standard diffusion current constants for measur- 
ing various substances. 


Hlectro-Chemograph 


ze engine deposits 


G ULF Research and Development Co., Pittsburgh .., 
central research organization for the Gulf Oil Companies 
. .. speeds up routine chemical analysis with their new 
Type E Electro-Chemograph. Typical time-saving task for 
this ‘automatic chemist’’ is the analysis of minute 
amounts of internal combustion engine deposits left on 
valve stems and similar surfaces. Gulf Research has set 
up routine procedures to determine for lead, copper, 
nickel, zinc, and other metals. 


Gulf men have streamlined the operation to a point 
where they can now do 9 determinations in 45 minutes, 
The Electro-Chemograph tells them what metals . . . and 
how much of each... are in the test sample. Control 
are conveniently grouped on the console to provide easy 
selection of range and damping to meet just about all 
analytical requirements. The whole test procedure is so 
simple, as a matter of fact, that direction plate instruc 
tions on the console prove ample for 90% of routine 
work, 


The new Electro-Chemograph gives you polarographic 
analysis at its best. Applications are broad. Proved 
superior for research work as well as routine analysis, 
the instrument is being used effectively by production and 
test labs in detecting small quantities of minor additives 
such as catalysts, plasticizers, oxidizing agents . . . for 
most common wet analyses on steel and non-ferrous 
materials .. . in trace analyses for poisons .. . in assaying 
hormones and vitamins . . . and in many other applica 
tions in manufacturing, research, and testing fields. 


Our new Cat. EM9-9C tells all about the new Typ# 
E Electre-Chemograph. Also—our bibliography ™ 
polarographic analysis has recently been revised 
include every paper published between 1903 and 
1949 which we've been able to discover. Write ow 
nearest office, or 4976 Stenton Ave., Phila. 44, Po 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


LEEDS & NORTHRUP 


Jri. Ad EM9-9002) 
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STANDARD MERCURIAL BAROMETER 


U. S. Weather Bureau Type 


which is the type used in the United States Weather Bureau, and 
other laboratories for observations of the highest accuracy. It consists 
of a 6mm heavy-walled glass tube, vacuum-filled with mercury, placed 
open end down in a cistern of mercury. The tube and cistern are 
supported and protected by a brass tube in which two long slits have 
been cut near the upper end so as to show the top of the mercury 
column within the lower and upper limits of the scale (61 to 81.3 cm). 
Fastened to the shell alongside the slits are metric and English scales 


This barometer is of the standard mercury well, or Fortin, type, | 
| 
| 


with vernier plates, which are operated up and down by a rack and 

pinion. The metric reads to .05 mm while the inch vernier reads to Tu 
.002 inch. 
short: 
The portion of the casing opposite the cistern has a larger dia- probl 
meter than the upper part and has also a glass. window at the mercury trove 
level, so that a setting of the mercury surface may be made by a thumb all th 
screw pushing against the flexible bottom of the cistern, thus raising have 
or lowering the mercury in the cistern until it just touches the ivory 1. 
point, which is the zero of the scale. This zero point is permanently will p 
fixed to the ceiling of the cistern casing and has, of course, been ac- iets 
curately located so as to fit the interval between 0 and the first gradua- di 
tion on the scale mounted on the upper casing, that is, at 61 cm. The aa f 
ranges of the scales (61 to 81.3 cm and 24 to 32.7 inches) make the a 
barometer available for elevations of approximately 6000 ft. and for been 
points approximately 1500 ft. below sea level. ay 
The scales are made of non-tarnishable 18 percent nickel silver, | we 0 
polished and formed to the shell. The graduations are engine divided. iB super 
A double-scale thermometer is mounted in the casing so that the dg 
temperature of the barometer column may at all times be known. All Tt 

metal parts of the barometer are black-nickel finish. A mounting h 
board is available under No. 1220 as described below. ° it 
we 
WOOD BACK ONLY, For Holding scien 
Barometer No. 1218. Consists of a wood Complete as TeSs ; 
board to which is attached a brass bracket 
to receive the ring in the top of the described with lite 
barometer, a ring with steadying screws to vacuum-filled . 
clamp about the cistern, and milk-glass . md 
reflectors, forming an opaque background tube - without Joint 
for reading the instrument. Essential as a wood back peer 
permanent mounting for the barometer. ’ vow 
No. 1220. Each, $15.00 Each will 
eng 
$ 99 50 cher 

out 
Order Today - prompt shipment guaranteed. sudd 
orate 
even 
valu 
M. WELCH SCIENTIFIC COMPANY 


1515 Street Chicago, U.S. 
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Turre is no denying that the critical manpower 
shortage has become one of education’s most pressing 
problems. It is pointed up, particularly, in the con- 
troversy over the policy of Selective Service. Out of 
all the discussion that has gone on a few points seem to 
have become clearly evident. 

1. The emergency in which we now find ourselves 
will probably last for a considerable time. Whether or 
not actual war breaks out the country must develop 
and maintain its tactical and strategic defenses for an 
indefinite period. International responsibilities have 
been forced upon us which make it impossible to con- 
tinue our traditional complacent, isolationist attitude. 

2. If we are to survive under these new conditions 
we must maintain our technological and industrial 
superiority. Military strength is necessary and must 
be taken for granted, but in this we have some hope of 
help from allies. 

These facts must not be lost sight of, no matter 
where the subsequent arguments lead. 

It is just as true, but not so generally evident, that 
we cannot afford to interfere with the advance of ‘‘pure 
science” if we are to continue our technological prog- 
ress; also, that to advance in either of these fields we 
must constantly recruit new personnel. Urgent re- 
ports have appeared lately, such as the one from the 
Engineering Manpower Commission of the Engineers 
Joint Council, showing that the number of new engi- 
heers in training is dropping at an alarming rate; in 
view of this fact the supply, in the foreseeable future, 
will not even begin to fill the demand. The category of 
“engineers’’ might just as well be enlarged to include 
chemists, physicists, and other trained workers in 
technology and pure science. 

I venture to guess that it would be possible to pick 
out one thousand men (perhaps even fewer) whose 
sudden and irreplaceable loss from our scientific lab- 
oratories would be the difference between survival and 
eventual defeat in the war which threatens. The 
value of scientific high-level brains is as vital as that. 

Of course, all this is the old question of occupational 
deferment. It has been told repeatedly, in greater de- 
tail and more forcefully. Without raising the issue of 
class deferments in the Selective Service Act itself, one 
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can certainly argue that individual cases of industrial 
and technological workers are as urgent as those of 
farm laborers and theological students. 

But the issue is becoming slightly fogged by the 
clamor over the recent Presidential order to Selective 
Service. This recognizes the importance to the welfare 
of the nation of higher education in other fields than 
science and technology and authorizes the deferment of 
other successful students in colleges and universities 
until they complete their curricula—even to graduate 
degrees. What local boards will choose to do about 
this “authorization”’ is anybody’s guess. 

Most of us on “the inside’ of higher education think 
this is a wise long-term policy, at least while the mili- 
tary needs are not too urgent. Nevertheless, there are 
understandable viewpoints from which this policy can 
be criticized. An excellent summary of this issue ap- 
peared in the April number of Platform, issued by the 
club and educational bureaus of Newsweek. 

It has been objected that the provisions are too 
broad; that it might be reasonable to defer a relatively 
few, outstanding students, but the standards are set 
too low and provide for many more than necessary for 
future “leadership.’’ In principle, there is some sense 
in this, but it should be remembered that the military, 
too, like Nature, is very prodigal in providing for its 
future. Out of a large number of initial recruits only a 
small proportion actually see combat. (It is said that 
the percentage is very much higher in the Russian 
forces.) A Congressional investigating committee re- 
cently reported that in the Air Forces alone there was a 
sufficient number of chair-borne and “boondoggling”’ 
officers and men, and others who could be replaced by 
women and noncombatants, very nearly to fulfill our 
military commitment to forces in Europe. Let’s use 
our manpower effectively, in all posts. 

Be all this as it may, it would be unfortunate—even 
calamitous— if we should become so separated by the 
argument over Selective Service and college students in 
general that we lose our agreement about the necessity 
for continued training in science and technology and 
for a concerted effort to increase the number of stu- 
dents in these fields. This much must be provided for at 
all costs. 
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European Chemical Developments in the Nineteenth Century’ 


Axnvat chemical production of the world has reached 
a prodigious total of the order of $30 billion. United 
States output alone, which undoubtedly outstrips that 
of any other nation, amounts to about $15 billion. 
These figures immediately suggest that so productive 
an industry—in reality a group of industries—must 
have had behind it an impressive story of growth and 
accomplishment. It is the aim of this article to report 
on certain phases of the beginning and rise of industrial 
chemical development in its European cradle, particu- 
larly in England, Germany, and France. 

The Industrial Revolution of a century and a half ago 
shook the masses of humanity from the lethargy of 
medieval primitiveness. In so doing, it was bound to 
create a most profound stimulus to growth of the 
chemical industry since the simple fact is that the 
chemical industry is basic to practically all other in- 
dustries: There can be no economic progress without 
the sustenance of chemistry and chemicals. This 
revolution asserted itself in England between 1770 
and 1825 and in continental Europe subsequent to 
1815, after Napoleon’s downfall provided a measure of 
tranquility conducive to the development of peaceful 
arts. From this period on we find a series of significant 
events and accomplishments which accelerated the 
tempo of chemical activity, culminating in the present 
multi-billion-dollar position. 


GREAT BRITAIN 


Understandably, from what has just been said, a 
recognizable chemical industry first took shape in 
Britain. That country, commercially minded more 
than others, had need for chemicals to maintain, among 
other elements in its economy, the budding textile 
industry. A world-wide demand for the cotton goods 
of northern England and Scotland provided fertile soil 
for marketing the numerous chemicals that go into a 
finished textile fabric. Once having initiated plant for 
some of the major basic chemicals, Britain acquired 
momentum enough to overshadow all other countries 
in the output and vigor of its chemical industries. 


* A symposium presented at the 118th Meeting of the 
American Chemical Society, Chicago, September 5, 1950. 


EUROPEAN CHEMICAL INDUSTRY IN THE 
NINETEENTH CENTURY 
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This ascendancy, however, was not to last, for events 
stirring on the Continent soon after the middle of the 
nineteenth century shifted the center of gravity of 
chemical production away from the detached isle and 
planted the banner firmly in German hands. It takes 
two to make a bargain, and similarly it was not only 
Germany’s progress but Britain’s weakness that con- 
tributed to the changed pattern. Specific causes will 
be brought out hereafter. In like manner, France, 
although having lit the way in the seventeenth and 
early eighteenth centuries with a succession of brilliant 
scientists who contributed greatly to chemical knowl- 
edge, failed to convert that knowledge into practical 
or commercial chemistry on a scale realized by sister 
countries. Conditions in France differed from those in 
Britain and Germany, notably by lack of basic raw 
materials, and therefore the relatively poorer showing 
made by the industry there is quite understandable. 

What were the peculiar conditions that created in 
Britain by mid-nineteenth century the principal home 
of the chemical industry? 


1. Abundant coal—of a type suitable for production 
of coal-tar. 

2. Extensive salt deposits. 

3. Availability of pyrite—all these basic raw ma- 
terials in fortunate proximity. 

4. Ready access to tidewater. 

5. A thriving textile industry, with its demand 
for chemicals. 

6. A practical, business-minded people already 
versed in trade, domestic and foreign. 

7. Political stability, with its benign influence on 
industry and commerce. 

8. An empire in the making and therefore favored 
markets on a huge scale. 


This combination had the necessary elements for 
success; when we add to it the scientific and technical 
knowledge then available and yearning for exploitation 
we find added reason for achievement. Furthermore, 
that bane of infant industries—foreign competition— 
did not yet stand in the way. This last circumstance, 
however, allowed only a temporary advantage and in 
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fact ultimately proved detrimental, as British chemical 
industrialists, softened by easy prosperity, succumbed 
later to the tight pressure put on them by the Germans 
and, to the surprise of the Germans themselves, the 
closing decades of the nineteenth century brought a 
reversal in leadership of the chemical industry. Bring- 
ing the picture closer to date we note that in the 
twentieth century leadership changed again, passing 
across the Atlantic where it rests by a comfortable 
margin in our own country. 

It is appropriate to introduce a historical review of 
the chemical industry with a word about sulfuric acid 
since this chemical is almost as commonplace in the 
industry and as necessary as water. Known to the 
alchemists of the sixteenth century, and earlier in the 
Middle Ages, sulfuric acid remained a costly material 
until its preparation in lead chambers was introduced 
by Roebuck and Garbett of Birmingham in 1746. It 
became known as “English” sulfuric acid. With this 
chemical available in commercial quantities chemical 
industrial development was on its way. 

Possibly two developments took place in Britain in 
the early days of the industry that were exceedingly 
important: invention of bleaching powder, and Leblanc 
soda manufacture. Charles Tennant, a Glasgow 


merchant, was already using a solution of chloride of 
lime in 1788 for bleaching cotton cloth. The time re-> 
quired for this operation thereby shrank from months 
by the sun to a few hours by means of a chemical. 


He then developed a solid bleaching material, patented 
in 1799, made by passing chlorine gas over dry slaked 
lime which he called “bleaching powder.” This was a 
revolutionizing product; soon bleaching powder be- 
came a leading industrial chemical. What is especially 
noteworthy is that the product created a demand for 
cheap chlorine which came to be satisfied by recovery 
from the Leblanc soda process. Tennant’s output of 
bleaching powder in 1799 amounted to 52 tons, worth 
£140 per ton. By 1805 production had trebled and 
the price fell to £112 per ton. By 1820 annual pro- 
duction was 330 tons and the price had further dropped 
to £60. A thriving export business developed, with 
the United States as one of the principal buyers. 

The name of Nicolas Leblanc stands out in industrial 
chemistry as a landmark. Through his process the 
world completely satisfied its ravenous need for soda 
ash and surrendered interest in barilla (natural sodium 
carbonate). Although France produced Leblanc, the 
unrequited inventor who died poor and unknown, it fell 
to others to turn the invention to good account. A 
heavy tax on salt (£30 per ton) was lifted by the 
British government in 1823; this action paved the 
way for the Leblanc process to come into wide vogue in 
Britain after unsuccessful operation in France. James 
Muspratt, an Irishman, built a Leblanc plant at Liver- 
pool in 1823. Other plants soon followed, one of these 
being located at nearby Widnes on the Mersey River 
by John Hutchinson, who, only 25 years old and with 
but a few month’s experience, had 100 men working 
Within a year. The day of reliance on natural soda 
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was over and Britain with its manufactured product 
not only supplied itself but became the world supplier. 

England is recognized as the home of the aniline dye 
industry. William Henry Perkin in his quest for a 
synthesis of quinine accidentally came upon the dye 
mauve in 1856. For the next quarter of a century the 
synthetic dye industry flourished in England. Under 
the title of Perkin & Sons, the scientist Perkin began 
making dyes the year after his discovery. Read 
Holliday of Huddersfield in 1860 began making ma- 
genta, nitrobenzene, aniline, and toluidine. Roberts, 
Dale and Co. of Manchester also started production of 
aniline in 1860. One or two other English firms were 
attracted at about the same time to manufacture of the 
intermediates as well as the dyes themselves. In 1864 
Ivan Levinstein founded his well-known dye-manufac- 
turing firm at Manchester and subsequently became the 
leading figure in Britain’s fight to maintain the indus- 
try. On the Continent, French and German organiza- 
tions rose to the opportunity in dyes. At Lyon, 
France, Renard Freres commenced in 1859. The 
Badische Anilin Co. erected a works at Ludwigshafen 
in 1863 and in two years had 60 employees, thereafter 
to become the world’s dominant dye firm. 

Scientists of the day recognized the original leader- 
ship in dyes that lay in British minds and hands. Asa 
result they were attracted from other lands, principally 
Germany, to British plants where they contributed to 
the discovery of many new dyes. The influx of foreign 
chemists, however, came deliberately to absorb what it 
could and then take the knowledge back to the home- 
land, or perhaps did not find conditions conducive to a 
permanent connection. At any rate, a goodly repre- 
sentation of the great dye chemists of the era packed up 
after only limited stays in England, returned to Ger- 
many, and there applied themselves to the glory of 
their native land. Thus, Hofmann returned in 1865, 
Caro in 1867, Martius about 1870, Witt in 1879. 
Coincident therewith some of the British dye firms, 
especially those of professorial antecedents, chose to 
suspend operations. Perkin retired in 1874, Nicholson 
in 1868, and Greville Williams in 1877. What had 
once been a company of brilliant research workers under 
the aegis of English industry dwindled to an ineffective 
handful. From that period on—until World War I 
compelled a revival—the sun set on British aspirations 
in the coal-tar dye field. It is said that had the nation 
been far-seeing and wise, the industry could have 
flourished for longer than a quarter of a century. But 
unfavorable conditions within England, coupled with a 
vital upsurge in Germany, brought about the English 
defection. 

One of the weaknesses in Britain was the absence of a 
high-grade school of organic chemistry which could have 
provided a flow of trained personnel for dye research. 
Chemical education 150 years ago was anything but 
the organized system of today. At the beginning of 
the nineteenth century the great Swedish chemist, 
Berzelius, was the outstanding teacher. Another 
prominent personality was Gay-Lussac, noted French 
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scholar who taught Liebig and Bunsen. Justus von 
Liebig, a man of imagination, originality, and sound 
thinking, proceeded to establish in Germany the world’s 
leading school of organic chemistry. A dynasty of ex- 
pert chemists grew up around him and these in turn 
trained younger groups. 

It has been mentioned that Britain was a large pro- 
ducer of coal tar, a product of its coking industry. 
Much of this prior to about 1890 was exported to Ger- 
many, which produced only a meager supply of its own. 
The Germans, with their acquired knowledge, skill, and 
facilities, transformed the tar into finished products, 
consisting at first largely of dyes but later pharma- 
ceuticals and photographic chemicals also, and sold 
these to England. Ultimately, coal tar flowed freely 
from coking works of the mighty German steel indus- 
try; England was left virtually without a market for 
coal tar and furthermore without much of a coal tar 
dye industry. 

In 1878 Adolf von Bayer, discoverer of synthetic in- 
digo, said: 


Germany, which in comparison with England and France 
possesses such great disadvantages with reference to natural 
resources, has succeeded by means of her intellectual activity 
in wresting from both countries a source of national wealth. 
Germany no longer has to pay tribute to foreign nations but is 
receiving such tribute from them, and the primary source from 
which this wealth originates has its home, not in Germany, but 
in England. It is one of the most singular phenomena in the 
domain of industrial chemistry that the chief industrial nation, 
and the most practical people in the world, have been beaten in 
the endeavor to turn to profitable account the coal tar which it 
possesses. The numerous German color works purchase from 
England the greater portion of the products of the distillation 
of coal tar, and they supply three-fourths of the world with the 
colors made from it. However, we must not rest on our laurels 
for we may be sure that England, which at present looks on 
quietly while we purchase her tar and convert it into colors, 
selling them to foreign nations at high prices, will unhesitatingly 
cut off the source of supply as soon as all the technical difficulties 
have been surmounted by German manufacturers. 


Speaking eight years later, the English dyemaker, 
Ivan Levinstein, lamented that England had not cut off 
coal tar from Germany, that England was still supply- 


ing three-fourths of German requirements, while 
allowing Germany to supply it with at least three- 
fourths of the dyes used in England. Levinstein 
pointed out that industrial development in England for 
the preceding third of a century had been concentrated 
in cotton, wool, coal, and iron, to the neglect of other 
industries, including the chemical. Fortunes had been 
easy to come by in these staples over the years and the 
British mind centered on them. The general public 
was in profound ignorance of industrial chemistry and 
its importance, hence the want of enterprise in that 
direction. In England men of science mingled neither 
with the business community nor the lay public. In 
Germany the situation was quite different: There was 
no superabundance of accumulated wealth, nor easy 
opportunities of acquiring it; the great natural ad- 
vantages did not exist; chemical knowledge was more 
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diffused among the people, consequently new branches 
of chemical industry were eagerly sought for and ey. 
ploited with the support of the people, the scientists 
and the capitalists. While England had eminent eng- 
neers, it was short of chemical engineers, without ap 
adequate supply of whom there could be no successful 
industry. The Germans made it a point to train large 
numbers of chemical engineers, thoroughly competent 
in the design and operation of chemical plants. These 
plants were often in association with engineering and 
machine shops which made the specialized equipment 
needed and which could produce apparatus of better or 
cheaper construction than was obtainable in England, 
Levinstein argued forcefully with the instinct of 4 
prophet that the salvation of his country’s industry 
required the scrapping of numerous uneconomic 
Leblane soda plants in favor of ammonia-soda works 
for which cheap salt, cheap ammonia, cheap coal, and 
cheap capital were at hand. Also, pointing to the 
high price of sulfuric acid in England relative to Ger- 
many, he declared that if the acid makers would not 
remodel their plants or alter their process the con- 
sumers should band together to erect their own modem 
works. 

The British suffered from other disabilities. Their 
patent laws enabled a foreigner to take out patents 
without working them in England. Thereby, the 
Germans, Caro, Graebe, and Liebermann, with an 
English patent on alizarin, squeezed Perkin out of the 
coveted prize—by just one day. Perkin thereupon had 
to remain content with a license from the Germans. 
This situation was not rectified until passage of the 
Patent Law Amendment Act of 1907. This Aet 
obliged foreign patentees to operate their British pat- 
ents in Britain or to license others. It resulted in fore- 
ing German firms to build dye and intermediate works ] 
in England. The British, with their concept of free 
trade, allowed foreign dyes to come in freely whereas 
British dyes were heavily taxed if they entered Ger- 
many. This policy played directly into the hands of 
their competitors. The British government found it 
necessary to impose a high excise tax on industrial 
alcohol, which was required in large volume for making 
dyes, particularly of the basic type. The high internal 
tax, along with stringent regulations, ran the cost of 
production so high that in some cases the cost of the 
alcohol alone equaled the cost of the dye itself in Ger- 
many. Inevitably, the manufacture of basic dyes had 
to be abandoned. Later, in 1891 and 1902, the patent 
regulations were modified but the harm had already 
been done. 

In the matter of scientific journals, the Germans 
showed their progressiveness with half a dozen publica 
tions before the English had one. The Journal of the 
Society of Chemical Industry was not published until 
1881. This journal, however, became outstanding i 
its field; it developed into a bulwark and mainstay of 
the industry, accomplishing much in restoring Britain 
to the high chemical eminence of the present day. 
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GERMANY 

The Industrial Revolution came to Germany late 
and made slow progress up to about 1865. Industrial 
backwardness in that country paralleled its reactionary 
politics. In 1834, a protective customs union known as 
the Zollverein was established among the various Ger- 
man states and stimulated somewhat commercial de- 
velopment. Political consolidation in 1871 into the 
Empire sparked the meteoric rise of Germany to become 
the greatest industrial power in Europe. Chemistry 
was one of the principal factors through which Ger- 
many’s economy rose to power. 

Even during the quiescent period in the first half of 
the nineteenth ceutury, the basis of German progress 
was laid in superior education. ‘Chemical knowledge 
in its various branches is further advanced than with 
us,” admitted a prominent Briton in 1840. During 
that period, Liebig the great teacher, revolutionized the 
thinking of chemists. It was he who suggested the 
addition of chemicals to the soil to restore fertility and 
thereby started off the fertilizer industry. He showed 
that bones, after treatment with sulfuric acid, could con- 
tribute their phosphorus to plants. The commercial- 
ization of this idea however first took place in England 
when John Bennet Lawes in 1843 established large 
works near London to make calcium superphosphate. 

The famous potash deposits of Stassfurt began to 
be worked systematically only in 1860. Discovered 


accidentally in 1857 while boring for rock salt, they 


possibly proved more valuable to Germany than their 
equivalent worth in gold. Output in 1861 was 2,000 
tons; 50 years later, 11 million tons. Other natural 
resources include ordinary salt, pyrites, and coal. 
Once the inaction of pre-Empire years was sloughed 
off, these raw materials, as in Britain, put the Germans 
on a firm basis chemical-wise. The late start was not 
altogether a disadvantage for Germany proceeded to 
profit from the latest techniques and equipment. She 
took hold of the superior ammonia-soda process while 
the British clung to the outmoded Leblanc process. 
The price of basic chemicals was brought down to less 
in Germany than in England. While raw materials 
Were cheaper in England the end products cost less in 
Germany. For more than half a century England 
ruled the markets of the world in caustic soda, but the 
time came when the home market was invaded by the 
German product and even gave preference to it. On 
soda ash in 1886 there was a 15 per cent price advantage 
inGermany; on sulfuric acid, 34 per cent. 

_ The Germans early recognized that the chemical 
industry was an important asset in their economy. 
They also recognized that the British had forged ahead 
in this field and it was therefore to their (the Germans’) 
advantage to learn from the experienced British. 
They copied English equipment and methods; they 
sought employment with British firms, willing to work 
at low pay to acquire insight into the fundamentals of 
the business. English machines were brought to the 
testing shops in Berlin where they were tried. If suc- 
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cessful, a working model was made for the museum 
while the original was presented to a progressive manu- 
facturer. 

The character of the German people differs from that 
of Britons and Frenchmen, according to a British au- 
thority, who goes on to say that it is peculiarly adapted 
to succeed in an industry such as the chemical, where 
patience and methodical procedure pay off in large re- 
wards. Another source says that above all must be 
reckoned the basically high mental caliber of the people, 
with their especial aptitude for material things. “‘Every 
man is intelligent and every man thinks” was a British 
estimate in 1840 of the Prussians. The most impres- 
sive case of Germany’s rise to leadership is in connection 
with the dye industry, for the development of which the 
German temperament seems peculiarly adapted. 


FRANCE 


France early produced distinguished chemists who 
brought that country to the forefront as a center of 
chemical thought. Not only was theoretical chemistry 
advanced but the industrial side as well. The first 
French sulfuric acid plant of industrial caliber was 
erected in 1766. The Revolutionary and Napoleonic 
governments fostered the policy of state help to in- 
dustry, at the same time allowing all possible freedom 
in its affairs. Leblane’s soda ash process, instituted in 
1792, had the active encouragement of the French Com- 
mittee of Public Safety. By 1830, 20 Leblanc plants 
were producing 30,000 tons of soda ash. The beet- 
sugar industry developed under governmental support. 
This industry, even in competition with imported cane 
sugar after the lifting of the blockade, did so well that 
by 1836 the annual output of some 400 small factories 
reached 40,000 tons. Improvements followed in sugar 
technology, notably through introduction of triple- 
effect evaporators in 1852; production in 1875 exceeded 
450,000 tons. 

France pioneered in other directions. Gas for illumi- 
nation was first tried at Paris in 1815. An India- 
rubber industry came into being before 1848 and by 
1845 the daguerreotype photographic process was a 
going operation in Paris. The chemistry of fats was 
explored and the results revolutionized the soap and 
candle trades. France has always been noted as a 
perfume center. Think of a per capita consumption of 
4 quarts annually in recent times to realize the sig- 
nificance of perfumery there. 

But the early promise of French chemistry failed to 
follow through industrially with the vigor shown by 
Britain and Germany. For one thing, education was 
not organized adequately to provide the flow of engi- 
neers and technologists needed for large-scale industry ; 
this, in sharp contrast to Germany. The natural re- 
sources of France, as of 100 years ago, compared unfa- 
vorably with those of rival countries. There was salt 
in the east and in the southwest but no coal nearby. 
What coal there was came at a relatively high price, 
with consequent handicap to the competitive position 
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of a coal-tar chemical industry. Confronted with 
a relative dearth of raw materials and the burden of extra 
transportation costs to acquire them, the French chemi- 
cal industry was obliged to trudge along as a third-rate 
entity. As in the case of Britain, the French position 
in chemicals, generally speaking, remained retarded 
until the break with Germany in 1914 forced a broad 
internal development. From then on, progress in 
chemical manufacture has measured up to the demands 
of a modern, industrial state. 


CONCLUSION 


Britain, France, and Germany had an equal chance 
in the early years of the nineteenth century to establish 
chemical industries. Chemical science of that period 
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was ripe for industrial development. Britain first took 
the lead from a combination of favorable circumstances, 
with France relatively backward and Germany pr. 
paring for ultimate primacy. The British people and 
government failed to appraise chemical industry for the 
importance it wields in national and international affair 
and allowed its industry to drift. Simultaneously the 
Germans, alert to the possibilities and well adapted to 
chemical research, forged ahead and became the 
world’s leading chemical power. As the chemical his. 
tory of the century is examined it is evident that natu- 
ral resources, proximity of raw materials, national 
characteristics, ability, foresight, and liberal goven- 
mental attitudes, all played important roles in advane- 
ing the world chemical industry. 


DUMAS, DAVY, AND LIEBIG 


Ap vue beginning of the nineteenth century French 
chemists occupied leading positions in practically every 
one of the then recognized branches of their science. 
In Paris were found the men whose theories were taught 
everywhere, and whose experiments were models imi- 
tated in all other countries where chemistry was studied. 
England and Germany also possessed active investiga- 
tors, but neither ranked with France as a chemical 
center. By the end of this same century the position 
was completely reversed. Leadership had passed to 
Germany, and France had dropped behind England in 
chemical activity. The reasons for this change were 
complex and certainly involved economic and social 
factors which would require a detailed analysis for full 
evaluation. However, some idea of the causes behind 
the change may be obtained by a study of the lives and 
thought of the chief chemists of each country. 

Science in the early nineteenth century was far more 
international than it is today. Even during the Na- 
poleonic wars between England and France it was pos- 
sible for Humphry Davy to visit Paris as an honored 
guest, transported by a government ship. The con- 
tacts between scientists of different countries were 
limited only by difficulties of travel. It is therefore 
dangerous to generalize too freely from the activities of 
single chemists. Individuals should not be considered 
as typifying national traits. Nevertheless, the chemists 
of each nation were molded by the particular cuiture of 
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that nation and by the political and social forces which 
acted upon them, and so to some extent it is possible to 
see in their behavior a reflection of the national charae- 
teristics upon which the scientific position of their 
countries rests. It is therefore of interest to consider 
outstanding chemists of the three nations—France, 
England, and Germany—in order to see them as repre 
sentatives of the chemical science of their countries. 
An analysis of this science in general terms will indicate 
how closely the men chosen for study conform to the 
national pattern. 

The leadership of the French chemists as the nine 
teenth century began was firmly based on the work of 
Lavoisier and the brilliant group of investigators who 
surrounded him. Prior to their time chemists had ac- 
cumulated a great array of facts, but these facts lacked 
systematization. The phlogiston theory, which super 
ficially appeared to explain them, was vulnerable to 
any truly scientific study, and fell quickly when La 
voisier made such a study. His method was an out 
standing example of logical generalization, at which 
the French chemists have excelled. In lesser degree 
his contemporaries, Guyton de Morveau, Berthollet, 
and others showed this same generalizing power, and 
this not only gave chemistry its modern foundation, but 
also gave to France a place of leadership in chemistry. 
The position was maintained by another peculiarity 2 
the organization of French science. French chemists 
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worked as individuals. They studied chemistry not in 
large institutions, but in a close master-pupil relation- 
ship, and once this bond was dissolved, each participant 
went his own way. They could cooperate with one 
another when it seemed desirable, but there was seldom 
a formal connection between them. This loose organi- 
gation permitted French chemistry to survive the 
French Revolution almost untouched, even by the 
death of Lavoisier. The new generation of French 
chemists continued the work of their predecessors al- 
most without a pause, for their private activities had 
not been affected by the great political changes going 
on around them. The extreme political centralization 
of the Napoleonic era was, however, reflected in an in- 
tense scientific centralization in Paris, and for a time, 
at least, this probably aided the progress of chemistry. 

English chemists were even more individualistic than 
the French. They approached chemistry in the spirit 
of amateurs. Their special genius lay in experiment 
rather than generalization. Priestley and Cavendish 
added significantly to the knowledge of facts, but they 
made few attempts at organization of these facts and 
even preferred to reject the new theories produced in 
France. Even Dalton, who did make a major generali- 
zation, limited himself by a number of rigid assumptions 
which left the development of the full consequences of 
his theory to continental chemists such as Gay-Lussac 
and Avogadro. 

The Germans were divided, politically and scientifi- 
cally. Their chemists, working in small provincial 
capitals, often did their best work in private pharmacies, 
and, if they were at length appointed to university 
chairs, were no longer scientifically active. They 
tended to devote themselves to problems of mineralogi- 
cal and analytical chemistry, and although they could 
generalize they used this power rather to organize sys- 
tems of minerals or methods of analysis than to produce 
major theories of chemistry. Klaproth is an outstand- 
ing example of these chemists. 

Among the chemists of the generation which followed 
the associates of Lavoisier one of the most brilliant was 
Jean Baptiste André Dumas (1800-84). His work be- 
longs to the first half of the century, for after 1848 he 
was more concerned with administration and political 
activity than with chemical research. He showed to a 
high degree the ability for logical generalization which 
has been indicated as a typical French trait. His im- 
portant contributions to the theories of radicals, sub- 
stitution, and types reflect this power. Yet his life also 
illustrates other factors which were of great significance 
in the later history of French chemistry. 

He began his career through the influence of Alexan- 
der von Humboldt, who introduced him to the scientific 
circles of Paris where all French chemistry centered. 
The powerful position of his sponsor opened to him 
doors which would otherwise have been closed and per- 
mitted him to establish himself and his reputation on a 
frm basis. As a result, he soon held a considerable 
number of academic positions simultaneously. He lec- 
tured at the Ecole Polytechnique, the Ecole de Méde- 
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cine, and the Collége de France, and he established his 
own teaching laboratory for the instruction of young 
chemists. Yet with all this he never became identified 
as the founder or director of a school of chemistry. 
When his political activities began to take most of his 
time he gave up his teaching laboratory entirely. 

He was a very influential member of the Academy of 
Science and eventually became almost the dictator of 
chemistry in Paris. Since almost no chemistry existed 
outside of Paris, so far as France was concerned, he 
was able to grant or withhold favors at will. Those in 
his friendship held the important academic posts, one 
man often holding several, as Dumas himself had done. 
Other who, like Gerhardt, incurred his enmity were 
never able to obtain a position in Paris, and had to re- 
main in small, provincial universities where they were 
without recognition or influence. The extreme cen- 
tralization of French chemistry fostered the growth of 
such power, and the Academy of Science became the 
arbiter of the destinies of French chemists. It was 
dominated by conservatives, and it is very probable 
that this control was one of the most influential factors 
in the decline of French chemistry. The individualism 
of French chemists, which had previously been a source 
of strength, now became a drawback, since it prevented 
any organized attempt to overthrow the power of the 
Academy. 

During the latter part of the century, the great men 
who appear in French chemistry stand as isolated fig- 
ures. The centralization of the science and the lack of 
numerous research organizations for training young 
chemists resulted in failure to produce men to staff 
chemical industries. By the dawn of the twentieth 
century it had become clear that chemical predominance 
resulted from the interaction of academic and industrial 
research. The very factors which produced French 
leadership in the eighteenth century thus led to its 
decline in the nineteenth. 

Humphry Davy (1778-1829) may be chosen to 
exemplify the English chemist of this period. Al- 
though he was not an amateur in chemistry, as Priestley 
and Cavendish had been, his approach to the science 
was essentially that of the amateur. He was practically 
self-taught. A brilliant experimenter, his studies of the 
alkali metals and chlorine helped to clear up many 
faulty points in the theory of Lavoisier, although they 
did not lead to any completely new theory themselves. 
Davy carried on his work purely because of its interest 
for him, and when, in later life he made a wealthy mar- 
riage and became interested in a society career he virtu- 
ally abandoned chemistry. This attitude of working on 
a problem because of its intrinsic interest to the experi- 
menter rather than out of a sense of advancing the 
progress of chemistry is essentially that of the amateur, 
and it is characteristic of the English chemist. The 
tendency to disregard the opinions of the outer world 
has led to a degree of stability which is also character- 
istic of English science. Work proceeds at an even rate 


and the output does not vary with bursts of interest in 
newly fashionable branches of science. 


It also results 
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in continuation of study in fields which may tend to be 
neglected as newer fields become popular. Davy 
worked almost entirely in inorganic chemistry, and Eng- 
lish chemists continued to study this branch even when 
continental chemists were devoting all their time to 
organic compounds. 

As a result of this approach to chemistry, no such 
centralization of authority arose in England as it had 
in France. Wherever an outstanding chemist hap- 
pened to work was an important laboratory while he 
worked there, but once he stopped, it lost importance. 
The Royal Institution was created as a chemical center 
by Davy, and Faraday continued to work there, but 
after the death of the latter it declined in importance 
and was replaced by other laboratories. The major 
reason for this was that the English, like the French, did 
not create schools of chemistry. Therefore England, 
too, lacked a large group of competent chemists to staff 
research laboratories when chemical industries began 
to appear. However, the innate stability of English 
chemistry kept it on an even base while the chemical 
activity of France declined under these conditions. 

Justus von Liebig (1803-73) devoted most of his pro- 
ductive early life to organic chemistry, and contributed 
largely to the theory of radicals and organic structure. 
Like Dumas, he became a leader of chemical thought, 
but for very different reasons and in a very different 
way. In Germany, as in England, no great center 
dominated the chemistry of the country. Research 
began to be concentrated rather in the various provin- 
cial universities. The chemists in these institutions 
were professionals in every sense. Although the repu- 
tation of any one university usually depended initially 
on the presence in it of an exceptionally gifted scientist, 
his work often survived his departure, and the univer- 
sity authorities attempted to replace him by an equally 
able professor. There was thus a continuity which 
was not found in England. In addition, the univer- 
sities served as training centers for producing large 
groups of young chemists. It was in this field that 
Liebig was most influential, and he set the pattern 
which was typical of German chemistry throughout the 
century. His experimental work and his writings made 
' him internationally known, but his teaching laboratory 
in Giessen was far more important than either of these. 
The chemists who received training in research under 
Liebig and his successors were equipped not only for an 
academic career but were also ready to enter industrial 
laboratories and so to establish the great chemical in- 
dustries which played so large a part in the advance of 
German chemistry. 

The whole attitude of the German universities was 
opposed to the centralized French system. Liebig him- 
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self expressed this difference in a letter which he sent ty 
a former student, Gerhardt, who was attempting t 
establish himself in Paris. He wrote:! 


Your new theory of substitution has caused me lively anxiety 
on your behalf; it is clever, comprehensive, and contains goo 
observations, but it is a ladder without rungs for you; it does not 
help your advancement. Believe my experience: for theories 
there is no more dangerous soil than France. Nothing injured 
Dumas at the beginning more than his preponderant inclination 
to theories. The Academy has always claimed for itself the right 
to draw up the laws of science, and it regards everyone who does 
this in its place as a thief and a robber. A young man who wishes 
to force, or does force, the old gentlemen to teach according to 
his own laws may no more hope for the slightest advancement, 
Such young men always believe themselves to be still on neutral 
German ground, but they are upon ground that contains explo 
sive material of all kinds. 


The early years of the nineteenth century were years 
of development and exploitation of the theories of 
Lavoisier. There was still room for new theories and 
generalizations, based on the information already at 
hand, and in this work the French tradition still enabled 
its representatives to produce important generaliza- 
tions. The science of chemistry was, however, growing 
more and more highly systematized, and the individual- 
istic French, dominated by a centralized authority, did 
not respond to the increasing need for an organization 
flexible enough to accommodate new discoveries, yet 
with sufficient continuity of effort to apply these dis- 
coveries in a useful manner. 

The English also lacked such organizations. Single 
investigators, like Graham, produced work of the great- 
est importance, but it was not related to other work of 
the period, and many years had to pass before it was 
fully appreciated. Although the Industrial Revolution 
began in England it was at this time a mechanical revo- 
lution and chemistry played only a small part in it. 
Hence the practical genius of the English could not 
express itself in a chemical industry. 

The Germans, growing closer politically, were able to 
overcome the disadvantages of the provincialism which 
had held them back, yet to develop a number of separate 
research centers in their universities, whose activities 
tended to cross-fertilize each other. By training re 
search chemists the universities became research insti- 
tutes themselves. Thousands of new facts accumt- 
lated, and the men in closest contact with these facts 
were able to propound the theories to explain them. 
The educational methods developed by Liebig began to 
bear fruit, and the rise of Germany to chemical leader- 
ship proceeded at ever-increasing speed. 


1 Grimaux, E., C. Geruarpt, “Charles Gerhardt, sa vie, 
son oeuvre, sa correspondance,” Paris, 1900, pp. 42-3. 
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FARADAY, HOFMANN, AND WURTZ 


Tue three great chemists to be considered next were 
not only the intellectual heirs of the three preceding 
and extenders of their work and teachings, but also, in 
their own right, leading thinkers and researchers, and 
outstanding figures in their respective countries during 
the middle third of the nineteenth century. 

Faraday, much older than the other two men, had 
little in common with them. The fact that he dis- 
covered benzene might seem to be the only bond of 
common interest. Each in his own way, however, 
was a great experimenter, an inspired organizer of 
science, a fascinating lecturer, a popular teacher, and a 
gifted writer. Hofmann stands as a link between 
England and Germany, because he worked in both 
countries; and between Germany and France, through 
his long personal and professional association with 
Wurtz. Both had been students of Liebig; both were 
successful university teachers; and both were leaders of 
research in organic chemistry, fully conscious of the 
potential influence of chemistry on the industry and 
economic welfare of the world. 

An odd but interesting composite snapshot of the 
state of science in general, and chemistry in particular, 
in the three leading countries of Europe at the beginning 
of the period under discussion is to be found in ‘‘Reflec- 
tions on the Decline of Science of England,” published 
in 1830. It is principally an elaborate criticism of the 
Royal Society, but the author, Charles Babbage, 
marshals many facts and quotations to support his 
own view that science was then esteemed more highly 
in Germany and France than it was in England. Re- 
viewing the impressive international congress of natural 
philosophers, which had been held in Berlin in 1828, the 
author declares that the highest respect for science in 
government circles was evident in Germany (meaning 
Prussia); and that Germany was advancing rapidly 
because all English and French discoveries and publica- 
tions were at once seized and translated. France, re- 
covering from forty years of upheaval, was trying to 
review and readjust the heritage of Lavoisier; but its 
various governments had never failed to reward the 
work of its eminent scientists by appointment to public 
office. Only England seemed to be supremely indif- 
ferent to science and to the extremely important place 
it could and should hold in all national development. 

In England (still according to Babbage), the pursuit 
of science was not a distinct profession, as it was in 
other countries. One could pass into a university from 
one of the public schools without any kind of useful 
knowledge. Lack of appreciation and official encour- 
agement seemed to be because the public (7. e., con- 
sumers) are better judges than government, when it is 
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a question of the practical value of a scientific or techni- 
cal contribution; and because any reward from com- 
mercial sale would be much larger than the government 
could bestow. As proof that few positions were open 
to true scientists, he shows that several well-known per- 
sons held many positions. The only chemist men- 
tioned—Brandt—for example, was then Clerk of Irons 
at the Royal Mint, Professor of Chemistry at the Royal 
Institution, Editor of the journal of the Royal Institu- 
tion, analyst of the East India Company, Lecturer on 
Materia Medica at Apothecaries’ Hall, Lecturer on 
Chemistry at Apothecaries’ Hall, Superintendent of 
Chemical Operations at Apothecaries’ Hall, and Foreign 
Secretary of the Royal Society. From all of this one 
could gather either that a scientist is paid too little and 
that, therefore, gentlemen cannot be found who can af- 
ford to take only one position; or that the scientist is 
too well paid—each position requiring so little attention 
that anyone can handle several. 

After exposing everything he considers objectionable 
about the Royal Society and all its works and pomps, 
the author also makes sideswipes at twelve other recog- 
nized professional societies. All of these elected ‘‘Fel- 
lows”’ in various branches of science or natural philoso- 
phy, thereby giving these persons the right to hang 
a “comet’s tail” of letters after their names, but actu- 
ally standing for widely differing degrees of accomplish- 
ment in their respective fields. 

In fairness it must be said that this publication was 
answered within a year by someone who signed himself 
“A Foreigner” (identified as Gerard F. Moll). This 
pamphlet, with a foreword by Faraday, declared that 
there was much evidence of good in the English scien- 
tific societies, especially in their being supported by rela- 
tively large memberships. He rather deprecated the 
appointment of successful French and German scien- 
tists to public office, saying that, at least in Germany, 
such an appointment always went to a man who was 
first a qualified noble or aristocrat, and second, a scien- 
tist. As for France, he deplored the appointment of 
scientists whose titles dated from the first Empire, or 
whose appointments had obviously resulted from a 
forced change in politics. 

So much for background. By 1830-31 Michael 
Faraday was well established as the leading figure of the 
Royal Institution in London. The facts of his life 
(1794-1867) and work are too well known to require 
more than passing mention here. He was self-educated 
and, although he became one of the titans of nineteenth 
century chemistry, he started as a satellite of Davy in 
physics or natural philosophy. Much of his work was 
actually physical chemistry, or what came to be called 


electrochemistry, but he always preferred to be called 
a natural philosopher. 

The Royal Institution, with which he was associated 
throughout his professional life, was an offshoot of the 
Royal Society, founded for the cultivation of more 
popular and elementary branches of scientific knowl- 
edge. It rose to prominence, principally through the 
interest and activities of Davy, and became known as a 
center for research on scientific problems—chiefly those 
involving physics and chemistry. Anything, it seems, 
could be sent to that laboratory to be identified or 
analyzed, and it was sure to receive Faraday’s personal 
attention. 

In addition to the routine work, Faraday worked on 
the liquefaction of gases, on butylene, and on com- 
pounds of carbon and chlorine. His meticulous notes 
(1825) on “Liquor from condensed oil sent by Mr. 
Gordon” show all the mental processes whereby he 
arrived at what he called bi-carburet of hydrogen, later 
identified as benzene. The progress of this exhaustive 
research on a new and baffling substance clearly proves 
his native gifts of intuition and persistence, and his 
ability both to organize observed facts and to present 
them in beautiful, lucid exposition. 

Faraday was interested in magnetism and electricity 
from 1820. The entries during the many years devoted 
to this study and research carefully record all the de- 
feats, disappointments, and repeated starts, and con- 
stitute a model procedure, still worthy of emulation by 
all true researchers. He greatly simplified the study of 


electricity by proving that however it may be produced 
it is the same force. 

Although Faraday frequently communicated and con- 
ferred with others interested in the same work, he was a 


solitary figure. He was a great teacher, who founded 
no school; yet he was instrumental in having courses in 
science introduced into various schools. For several 
years, during the Christmas holidays, he gave a series 
of six lectures “before a juvenile auditory”; all of 
which were attended by capacity crowds. Two of 
these, ‘On the Chemical History of a Candle,” and “On 
the Various Forces of Matter’ are composite master- 
pieces of the clear and simple language of which he pa- 
tiently made himself the master. Each lecture was 
illustrated by well-planned demonstrations which (ac- 
cording to Crookes, who edited these lectures for publi- 
cation) never failed. In presenting his book on ‘“‘Chem- 
ical Manipulation,” he said that chemistry is necessarily 
an experimental science with two objectives: proof or 
demonstration of known facts; extension of present 
knowledge. Throughout this book, in which he de- 
scribes all his apparatus and methods, he stresses the 
great value of being able to work with small quantities. 

Faraday tried to be a perfectionist in everything, and 
he strove constantly to improve his manner of speaking 
and writing. He was a deeply religious man, a faithful 
attendant at the services of a rigid nonconformist Scot- 
tish sect, and in his manifest dignity and self-respect he 
practiced the humility of spirit and self-denial that his 
church demanded. 
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Although he firmly believed that government should 
reward the fruits of scientific research by recognition of 
scientists as a class, Faraday just as firmly declined g 
title and all other honors that were offered to him. He 
refused to make money because he felt it would cost 
him his freedom. As he put it: ‘Do not. many fail 
because they look rather to the renown to be acquired 
than to the pure acquisition of knowledge, and the de. 
light which the contented mind has in acquiring it for 
its own sake?” 

To present any list of the industries that have been 
established through the discoveries of Michael Faraday 
would be merely ‘‘the elucidation of the obvious.” His 
work on electricity was continued by Clerk Maxwell, 
J. J. Thomson, and others; and its applications in in- 
dustry go on and on. His early work on butylene led 
to the knowledge of polymers. 

From 1830 until 1845 Faraday was certainly the lead- 
ing light of science in England. The first teaching 
laboratory in Great Britain had been established as 
early as 1817 by Thomas Thomson in Glasgow. In 
1837 Thomas Graham transferred his teaching and re- 
search from Glasgow to the University of London; but 
it was still mostly physical and inorganic chemistry, 
Britishers interested in chemistry were going over to 
Germany to study with Liebig, and they brought back 
glowing accounts of new kinds of chemistry and new 
methods of teaching it. The marriage of the young 
Queen Victoria to Prince Albert of Saxe-Coburg-Gotha 
—a devoted amateur scientist—gave added impetus to 
a growing movement, and finally, in 1842, an intellec- 
tual hurricane struck England in the person of the great 
Liebig himself. 

On a personally conducted, de luxe tour the famous 
German chemist lectured everywhere on the need for 
better knowledge of organic chemistry, particularly 
agricultural chemistry. His sincerity and eloquence 
aroused such strong public enthusiasm that it was de- 
cided to establish a new school of chemistry in London. 
Faraday, Graham, Brandt, and many others signed the 
official petition, and Liebig was asked to recommend one 
of his own star students to head the new institution. 
Fresenius and Will having declined the honor, August 
Wilhelm Hofmann, of Giessen, was finally persuaded 
by the royal couple to take the position. He went to 
London in 1845, to take charge of the construction and 
operation of what was to be called the Royal College of 
Chemistry. 

Hofmann (1818-92) had been one of Liebig’s most 
promising students. Chemistry was an acquired taste 
for him, as his earlier studies had been in law, the clas- 
sics, and philology. His earliest research was on ani- 
line, and during his stay in England he laid the founda- 
tion for a flourishing industry based on aniline and coal 
tar. He was an extraordinary teacher and lecturer, 
popular with every type of audience, from the royal 
household to the groups of working men to whom he 
periodically gave talks on science—principally chemis- 
try. In addition to the research in pure science, of 
which he was a resourceful and inspiring director, he 
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also tried to inculcate in his students an appreciation of 
how they could utilize their knowledge of chemistry in 
many civic occupations. 

Among Hofmann’s students were Abel, Crookes, 
Mansfield, E. C. Nicholson, Perkin, and Playfair, all of 
whom distinguished themselves by their independent 
researches and accomplishments. Many other stu- 
dents followed Hofmann from Germany—among them 
Merck, Martius, Caro, and Griess—who either stayed 
on to assist him in his own research, or took important 
positions in industry. 

Hofmann, himself, had a great gift for friendly asso- 
ciation, and he took an active part in all professional 
activities. For many years he served as foreign secre- 
tary of the Royal Chemical Society, sending notes and 
papers to the French and German scientific periodicals. 
He assisted the Prince Consort in planning the scientific 
exhibits for the first great international Exposition of 
Arts and Industries in 1851; and his report on them 
gives a splendid cross section of the state of science and 
industry at that time. By the time of the second expo- 
sition, in 1862, the aniline dye industry had been estab- 
lished in England, and Hofmann saw to it that all the 
best it had to offer was exhibited in full glory. As 
president of the Chemical Society—his gift of tongues 
always in practice—he greeted foreign delegates in 
French, German, and Italian. On this exposition, too, 
he wrote a comprehensive, enthusiastic report. 

Hofmann’s work on ammonia and its derivatives, 
originally prompted by Liebig, was one of the most 
thorough and exhaustive programs of research ever re- 
corded. New compounds followed in such rapid suc- 
cession that many were set aside for years before he (or 
others) returned to them. Following the methods 
established for his nitrogen bases, Hofmann discovered 
whole series of analogous compounds of phosphorus, 
arsenic, and antimony—all of which helped to advance 
the study of chemical types. 

Despite all the personal efforts of the able founder, 
and the evidence of practical value which was con- 
stantly flowing from it, the glamor that had surrounded 
the Royal College of Chemistry began to wane. Never 
properly endowed, it gradually failed to attract suffi- 
cient public support, and it was merged with the Royal 
School of Mines in 1853. Prince Albert died in 1861. 
Hofmann, disappointed at the growing tendency to 
seize on the results of research and rush new discoveries 
into commercial production, and temporarily depressed 
by a succession of personal sorrows, was ready to accept 
4 strong hint from Liebig that he would do well to re- 
tum to Germany. In 1864 he accepted a call to Bonn, 
but he remained only long enough to plan a fine new 
laboratory because in 1865 he was invited to Berlin to 
succeed Mitscherlich. 

In Germany Hofmann recovered his enthusiasm and 
soon established himself as an inspiring teacher, an 
ingenious researcher, and a prolific writer. He studied 
more dyes, organic compounds of sulfur, nitriles (which 
furthered the knowledge of isomerism) and—following 
his theory of types—discovered formaldehyde. Con- 
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tinuing, too, his interest in professional organizations 
and the promulgation of the results of science, he 
founded the German Chemical Society in 1868, and 
edited its famed Berichte for many years. 

It is difficult to estimate the value of the contribu- 
tions of a chemist like A. W. von Hofmann (he was 
knighted in 1888) to all the various branches of industry 
on which his work impinged. Just as the phenylene- 
diamines, which he and an English student isolated in 
1863, were not put to practical use for twenty years, 
much can undoubtedly still be done with many of his 
other compounds. The door must be left wide open. 

As mentioned before, Hofmann had much in common 
with Wurtz. They met in Liebig’s laboratory in 1843 
and became lifelong friends. Their work at Giessen 
included parallel researches on ammonia, but once he 
returned to France, Wurtz’ interests developed in 
many other branches of chemistry. 

Like Faraday and Hofmann, Charles-Adolph Wurtz 
(1817-84) brought a good background of other studies 
to his career in chemistry. This was a full course in 
medicine, chosen as a compromise between the chemis- 
try which was his first choice, and the ministry, which 
was his father’s. Straight through all his schooling, 
however, in Strassburg and later at Paris, he managed 
to do all the chemical chores within his reach. After 
his year with Liebig Wurtz became assistant to Dumas, 
at the latter’s Ecole Centrale, and as the opportunities 
presented themselves he taught various branches of 
chemistry in the schools of both medicine and science 
at the University of Paris. 

Wurtz’ first original work was on the three acids of 
phosphorus, and then on phosphorus oxychloride. 
Other subjects of his research and discoveries that have 
been of great value were the alkylamines, glycols, 
aldol condensation, ethylene oxide, lactic acid, and 
homologues of benzene. His keen interest in meta- 
physics and in the constitution of matter led him to 
make a serious study of the atomic theory. His deduc- 
tions made a valuable contribution to the rather chaotic 
mass of data that had been accumulating on the sub- 
ject, especially in its applications to organic chemistry. 

Like Hofmann, Wurtz was a careful and thorough 
organizer of scientific facts. He was a fine speaker and 
an even better writer. Thrown into one scientific 
controversy after another—with Berthelot and others— 
his practice was to marshal the results of his experi- 
ments to prove his side. In presenting the facts to his 
antagonist, or to his students, he never resorted to 
ridicule or sarcastic criticism of the work of others, but 
simply offered his own work as the discovery and proof 
of ideas that were newer and different. 

The greatest battle Wurtz ever had to fight was for 
better appreciation on the part of the French govern- 
ment of the value of scientific research, and the dire 
need for better laboratories. Private instruction in the 
laboratories of individual chemists having been the rule 
for so long, the government was not in the habit of giv- 
ing any support to classes in chemistry; therefore the 
only income available was from the fees paid by the 
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students. In 1868, when his secure position promised 
some respect for his opinions, Wurtz made a study of 
various chemical laboratories—especially the university 
laboratories—in Germany. His excellent report to the 
Ministry of Education caused a flurry of interest but 
little practical benefit resulted. A second survey, in 
both Germany and Austria, in 1878, was equally fruit- 
less, but Wurtz continued his cheerful way, inspiring his 
eager students to remarkable accomplishments with 
meager facilities. 

There are many distinguished names on the roster of 
his students: Caventou, Crafts, Fittig, Friedel, Lauth, 
Lebel, Girard, Tollens, van’t Hoff, are only a few of the 
111 listed on the monument which they erected in his 
honor when he was elected a Senator (not a political 
appointment) in 1881. Much as he regretted having 
to sacrifice some of his teaching for the necessary ad- 
ministrative work, he accepted the responsibility for the 
good he hoped he might do. Not forgetting his science 
in his public duties, Wurtz sponsored many improve- 
ments in educational curricula; and devised tests which 
would permit the importation of American meats. He 
also had women students admitted to the school of 
medicine at the Sorbonne, and established many free 
courses in extension. 

In 1858, feeling that the long-established Academy of 
Science did not satisfy the professional needs of the in- 
creasing number of chemists, Wurtz cooperated with 
Dumas, Balard, Pasteur, and others in organizing the 
Société Chimique de Paris! and established its Bulle- 
tin. After the war of 1870, and the crushing blow 
caused by the loss of his beloved native Alsace to Ger- 
many, he was also a founder of the French Association 
for the Advancement of Science. The purpose of this 
group was to decentralize the study and application of 
science through organizing local meetings for the ex- 
change of information. Discussion of anything relating 
to the agriculture, industry, or other scientific and tech- 
nical interests in the provincial centers was encouraged, 
so that all such matters could be brought to the atten- 
tion of scientists and of the public. At the first of these 
meetings, held at Lyon in 1872, Wurtz gave a particu- 
larly inspiring introductory address. 

Wurtz was highly honored for his work, earlier and 
more often abroad than at home. As an additional 
thread of connection among these three men, it is a 
coincidence that in 1862, when Hofmann was president 
of the Chemical Society he invited Wurtz over to Lon- 
don to give the Faraday Lecture. 

From this observation point in time, it seems odd that 
anyone of Wurtz’ kindly spirit and intellectual honesty 
should have wittingly and willingly exposed himself to 
the controversy that inevitably followed his statement 
that “chemistry is a French science.” When Fittig 
expressed his accumulated rancor in a public meeting 
(1869), Wurtz said in defense that the notorious sen- 
tence and the following one (“It was constituted by 
Lavoisier, of immortal memory”) should never have 


1The name was changed in 1906 to Société Chimique de 
France. 
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been separated from their context. Although he ey. 
pressed his regret for the language in which he had 
couched his thought, and his high admiration for Ge. 
man chemistry and chemists, in all his voluble explang. 
tion he did not actually retract or modify his original 
statement. 

Much as one might wish to keep this little study im. 
personal, the contribution of these men to chemical 
industry cannot be evaluated entirely apart from some 
consideration of their respective personalities. Each 
was unique in his own circle (Hofmann had two!); each 
was cast in a pattern that has not been repeated. For 
if, in the professions, “each generation starts on the 
shoulders of the preceding,” modern conditions could 
not again produce such examples of native ability, edu. 
cation, and environment. Beside their major contr- 
butions, each of these three has handed down pieces of 
apparatus and many of the devices—both mental and 
physical—that are now taken for granted in both educa. 
tional and industrial laboratories. To appreciate all 
that they were and did we need only to think ourselve 
back one hundred years—to the America of 1850—to 
decide whether we could have done as well. 
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BUNSEN 
Each If ever a man chose the career for which he was best 
each fitted by nature and temperament, it was Robert Wil- 
For helm Bunsen. The fourth and youngest son of a uni- 
m the versity professor, the idol of his mother, he was destined 
could § to become in due time a teacher and investigator. His 
, edu: work and his character have been aptly summarized by 
ontri- @ his pupil Roscoe: ‘“‘As an investigator he was great, 
ces of & asa teacher he was greater, as a man he was greatest.” 
al and = His life story is very simple. Entering the renowned 
duc George Augustus University of his home town Gét- 
te all tingen (founded in 1735 by George II of England, at 
‘selves that time also Elector of Hanover), Bunsen obtained 
0—to™ his Ph.D. after seven semesters of study, at the age of 
twenty. A travel stipend from the Hanoverian govern- 
ment enabled him to spend his ‘‘Wanderjahr”’ in visits 
to Berlin, Paris, and Vienna, whereupon he returned to 
Géttingen to become a member of the teaching staff of 
the university. 
In 1836, when he was 25, he succeeded Wohler as pro- 
chemie,™@ fessor of chemistry at a technical school in Cassel. 
After three years he went to the University of Marburg 
oe as assistant professor, and became a full professor there 
cow Bt in 1841. From Marburg he went to Breslau in 1851 
and from there in October, 1852, to Heidelberg where 
__ Bf he taught for 37 years. 
1., Unk At the age of 78 he retired but continued to live as 
-ondon. *Meritus professor in the town on the Neckar, to whose 
fame he had so greatly contributed, until his death on 
gman August 14, 1899. He never married, saying that he 
never had found time to do so. His children were the 
lagg®.@ students who came to him from all parts of the globe. 
v York Among his German pupils were von Baeyer, Carius, 
§ Curtius, Goldschmidt, Kolbe, Landolt, Lothar Meyer, 
Victor Meyer, von Pebal, Quincke, and Winkler. His 
. best-known English students are Frankland, Playfair, 
Walton, Roscoe, Thorpe, and Tyndall. Americans who studied 
§ under Bunsen include: G. C. Caldwell, R. H. Chitten- 
, Hun den, J. M. Craft, W. F. Hillebrand, C. L. Jackson, 
_ § Morris Loeb, L. W. McCay, W. G. Mixter, T. H. Nor- 
emills\@ ton, and C. L. Reese, to mention only a few of the better 
(Sond,§ “town chemists of the U.S. A. 
Bunsen’s illustrated lectures were a model of elegance 
ofmant'f and perfection and were often interspersed with humor- 
ous remarks made under the mask of the greatest seri- 
ousness. As a pure and simple scientist to whom work 
-Adolph{e ¥88 a pleasure and making money distasteful, he gave 
5). all his discoveries free to the world. Although polite 
_ 769-418 and friendly to students and assistants, he ruled with an 
itn hand in a velvet glove, as the undisputed head of 
Masedl the laboratory, suffering no equals next to him, only 


subordinates under him. Always eager to help stu- 
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dents, he lost all interest as soon as any of them pur- 
sued plans and ideas of their own. 

Being of a practical turn of mind, he took no part in 
the theoretical discussions which culminated in the 
congress of Karlsruhe. In spite of the fact that in his 
early days he made use of what we would now call cor- 
rect atomic weights, he later employed combining 
weights (0 = 8) in order to keep away from “hypotheses 
which are changeable and are often changed.” This 
attitude may have been the result of his experience with 
organic research in his youth (1837-41) while still in 
Cassel and later in Marburg. He made an exhaustive 
study of the fearfully smelling liquid which results from 
the distillation of a mixture of equal weights of potas- 
sium acetate and arsenious oxide, first obtained in 1760 
by the French pharmacist Cadet. Bunsen isolated from 
this liquid cacody] oxide (C,Hy2As,0), the oxide of the so- 
called radical CsHj.As2 to which Berzelius had given the 
name cacodyl. He made a number of volatile cacodyl 
compounds whose densities he determined, thereby 
obtaining their correct formulas. In reporting this 
work Bunsen said: “By a glance at this group of sub- 
stances we recognize in it an unchangeable member, the 
composition of which is represented by the formula 
CiHw»As:.” This was a great triumph for the so-called 
radical theory the foundations of which had been laid 
by Gay-Lussae’s work on cyanogen and Liebig and 
Wohler’s benzoyl studies. Bunsen was, for a while at 
least, convinced of the “correctness” of this theory. 
Later on, he found, as stated above, that hypotheses are 
changeable. While doing the work on cacodyl com- 
pounds Bunsen had to breathe through long glass tubes 
and at one stage of his investigation an explosion oc- 
curred which caused a permanent injury to his right 
eye. Why he ever tackled such evil-smelling, explo- 
sive, poisonous, self-igniting substances is not known. 
Maybe he wanted to test his skill in overcoming ob- 
stacles which would have deterred any but the most 
undaunted experimenters. This was his second encoun- 
ter with the poisonous arsenic, his first being the suc- 
cessful application of freshly precipitated ferric hy- 
droxide as an antidote in arsenic poisoning. 

The discoveries and inventions with which the name 
of Bunsen is connected are considerable. They were 
made in a period extending well over 30 years and ap- 
peared in various journals. After his death they were 
collected by Ostwald and published in three volumes in 
1904. Bunsen was not a textbook writer like Wéhler 
and Liebig. He wrote only two small books, one on 
gasometric methods and the other on flame reactions. 

Of the equipment he invented, one of the earliest was 
the carbon-zine cell, dating from the year 1841, which 


was, for several decades, the only available source of 
strong electric current. This cell permitted the easy 
electrolytic preparation of calcium, aluminum, and 
magnesium. Magnesium burning in the are generated 
with the Bunsen cell gave strong light of exceptional 
intensity. To measure this intensity Bunsen, in 1842, 
invented his grease-spot photometer which was in use 
for well over fifty years. For reliable experiments with 
flames a clean steady flame was required. Bunsen 
found that the alcohol-wick flame was too variable and 
the English gas burners supplied with the newly intro- 
duced illuminating gas did not satisfy him. His burner, 
invented in 1855, gave a colorless flame and was ideal for 
his work. Bunsen’s familiar water suction pump dates 
from 1868, his ice-calorimeter with which he could ac- 
curately measure specific heats of elements present in 
small quantities dates from 1870, and his vapor calo- 
rimeter from 1887. 

Bunsen’s early cacodyl researches were followed by a 
study of blast furnace gases, partly in cooperation with 
Playfair, who induced Bunsen to come to England in 
1845 to give his advice in situ. The next year Bunsen 
took part in a scientific expedition to Iceland and suc- 
ceeded in discovering the nature of geysers. Still later 
he studied the melting point of substances under pres- 
sure and found that pressure usually raises the melting 
point. His deductions were in complete agreement 
with the familiar Clapeyron equation. In Breslau Bun- 
sen found a new method for iodine titration which was 
based on the reduction of iodine with sulfurous acid. 
Early in his Heidelberg period Bunsen undertook, in 
collaboration with Roscoe, his photochemical re- 
searches. The two men were able to confirm and ex- 
tend the earlier work of Draper (1841) and prove defi- 
nitely that the amount of photochemical change is 
directly proportional to the amount of light energy 
absorbed. The measurement of the light intensity was 
carried out by means of actinometers. Bunsen and 
Roscoe also investigated Draper’s “photochemical in- 
duction” which dealt with the initial slow action of 
light on hydrogen-chlorine gas mixtures. This strange 
behavior has finally been traced back (in 1905) to the 
presence of traces of impurities in the gas mixtures. 

These photochemical researches have been reprinted 
by Ostwald, and Bunsen’s latest biographer Georg 
Lockemann agrees with Ostwald that they are Bunsen’s 
masterpiece in spite of the fact that they are not so well 
known as his subsequent work on spectral analysis done 
in conjunction with his friend and colleague in Heidel- 
berg, Gustav Kirchhoff. The latter, thirteen years 
younger than Bunsen, had been called to Heidelberg 
from Breslau where he first got acquainted with Bun- 
sen. This appointment, at Bunsen’s recommendation, 
led to such fruitful cooperation that it became the rage 
to speak of Kirchhoff as Bunsen’s greatest discovery. 

The spectral analysis 4s devised by Bunsen and 
Kirchhoff had its origin in a conversation in which 
Bunsen explained to his friend that in order to dis- 
tinguish between flames of different metals he had to 


JOURNAL OF CHEMICAL EDUCATIQy 


view the flames through colored glasses or solutions 
Kirchhoff thereupon pointed out that this end could 
more simply and accurately attained by passing th 
light of the flame through a glass prism, thus obtainin 
the spectrum. The new method was so sensitive thy 
the two men right away found a new metal in th 
mineral water of Diirkheim which Bunsen, on accouy 
of the splendid blue line in its spectrum, called cesiyy 
(1860). The following year, the presence of still ap 
other alkali metal, obtained from the mineral lepidolite 
was announced. This was rubidium. In rapid sy 
cession two other elements were spectroscopically de 
tected: thallium by Crookes (1861) and indium }y 
Reich and Richter (1863). Bunsen and Kirchhof 
grasped the significance of their new method at one 
for, as Bunsen wrote to Roscoe: ‘“‘A means has beg 
found to determine the composition of the sun and fixe 
stars with the same accuracy as we determine sulphur 
acid, chlorine, etc., with our chemical reagents.” 

The discovery of spectral analysis was the high-wate 
mark in Bunsen’s career. It increased his fame enor 
mously and led to his being called to Berlin as success 
to Eilhard Mitscherlich who died in 1863. Bunsen, 
who was no admirer of Bismarck, declined and was re 
warded by a substantial increase in laboratory fund 
and the appointment of his friend Kopp to a professor 
ship in Heidelberg. 

In his last 25 years as a professor (1864-89) Bunsei 
confined his activities more to teaching and devotei 
less time to research. His final publication, which dis 
cusses his vapor calorimeter, appeared in 1887, when} 
was 76 years old. 


BERTHELOT 


It is generally conceded that Berzelius covered tl 
whole field of chemistry at the beginning of the nine 
teenth century. With the rapid progress made betwee 
1800 and 1900 it became more and more difficult 
contribute to this branch of knowledge in all its rami 
cations. This was done, however, to a remarkable er 
tent by that most prolific and versatile chemist of tl 
second half of the nineteenth century, Marcelin Berthe 
lot. Between 1850 when he wrote his first paper on! 
method of liquefying gases, and the time of his death 
(March 3, 1907), he published well over 1000 paper 
and some eighteen or twenty books. With this phe 
nomenal contribution to science he is unquestionably 
the lineal descendent of the encyclopedists of the pr 
ceding century. No one but a man of genius, whose st 
ambition it was to further human progress by scientifi 
discoveries, could have accomplished that tremendot 
amount of work which remains forever a monument? 
his brilliant achievements. This he carried out firsté 
all for the benefit of his beloved homeland. On # 
monument erected in his honor in Paris, which @& 
appeared in 1942, only three words were engravel 
amitié, amour, patrie, to characterize his devotion to 
lifelong friend Renan, to his wife, and to his count 
France has, more than once, called upon its scientists 
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manage the affairs of the country and Berthelot’s name 
can be placed beside those of Berthollet, Carnot, 
Fourcroy, and Dumas. 

Of the many biographies that have come to the 
writer’s notice, only one mentions specifically the pro- 
found effect which the war of 1870 exerted on Berthelot. 
It is often stated that science knows no boundaries but 
as Pasteur once remarked: ‘Every scientist is part and 
parcel of the country where he was born, lived, and 
worked.”’ There can be no doubt that a successful 
war acts as a stimulant in some directions and the rapid 
increase in population in Germany after 1870 coincides 
with an accelerated activity in scientific endeavors. 
On March 10, 1871, Claude Bernard, the famous French 
physiologist, wrote to his friend Robin: “Ce qui 
m’attriste, en un mot, c’est de voir que nous sommes 
vaincus scientifiquement.” Pasteur, ten days later, 
bemoaned the downfall of his country in the following 
words: “Le salut de la France a été la conséquence 
exclusive de sa supériorité scientifique.” 

Berthelot, as an ardent patriot, decided to do some- 
thing to restore, if possible, that superiority. Although 
he had already found, as early as 1862, that the acetyl- 
ides of silver and copper readily explode, it was not until 
1870 that he began to study the explosive force of pow- 
ders. This work was continued for several years with 
his pupil Vielle. He found that when an explosive 
mixture is fired the flame proceeds at a gradually in- 
creasing rate until a maximum is attained, the maxi- 
mum depending on the chemical composition of the 
mixture. In 1878 he examined explosive mixtures of 
dust with air. In 1884 measurements of the specific 
heats of gases at high temperatures were made and in 
the course of this work he invented his well-known 
calorimetric bomb. This bomb was later (in 1892) 
adapted to the determination of heats of combustion of 
organic compounds. The studies on explosives were 
followed by investigations dealing with problems of 
vegetable chemistry. These were performed in a fine 
new laboratory erected on the heights of Meudon in 
1884. Here, in cooperation with his pupil André, he 
carried out numerous researches, the results of which 
Were summarized in his “La chimie végétale et agri- 
cole,” published in 1899. The results obtained led to 
a confirmation of conclusions reached elsewhere. 

Berthelot’s historical studies which, likewise, cover 
the last thirty years of his life were undertaken with the 
aid of prominent philologists. They are a fine example 
of what we are now accustomed to call “teamwork,” 
with Berthelot as organizer at the top. They were 
subsidized by the Académie Frangaise. 

Berthelot’s historical contributions comprise: ‘Les 
origines de Jl’alchimie” (1885), ‘Collection des 
anciens alchimistes Grecs’”’ (1885-87), “Introduction 
4l’étude de la chimie des anciens et du Moyen Age” 
(1889), “La révolution chimique,” “Lavoisier” (1890), 
“La chimie au Moyen Age” (1895), and “Archéology 
et histoire des sciences” (1906). 

Berthelot’s brilliant work in organic synthesis, known 
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to all students of chemistry, was performed in his early, 
most productive period, from 1850 to 1870. In his 
inaugural thesis (1854), he showed that glycerol stands 
in the same relation to ethyl alcohol as phosphoric acid 
to nitric acid, thereby introducing the concept of poly- 
atomic alcohols. Whereas Chevreul had analyzed the 
fats some thirty years earlier, Berthelot succeeded in 
synthesizing them and in so doing produced three 
series of glycerol esters which he, mistakenly, compared 
to ortho-, pyro-, and metaphosphates, an error which 
was subsequently corrected by his rival Wurtz (1817- 
84). In this work on fats Berthelot had already 
noticed that time was needed for the reaction to pro- 
ceed. This led him, some years later, to study rates of 
reaction in the esterification of acetic acid, in collabora- 
tion with his pupil Péan de Saint-Gilles (1834-63). 
The synthesis of organic compounds which occupied 
Berthelot fully until 1870 and was continued even to a 
later date (his “La synthése chimique” appeared in 
1876) was undertaken to demolish the wall that seemed 
to separate organic from inorganic chemistry. It is 
true, as his pupil Sabatier once said, that there were 
cracks in that wall. This was demonstrated by Wohler, 
in 1828, with his urea synthesis and later by Kolbe, in 
1845, when the latter synthesized acetic acid. But it 
was Berthelot who, starting from the elements, synthe- 
sized the various hydrocarbons from which, by further 
treatment, alcohols, acids, and other derivatives could 
be obtained. It was this phenomenal achievement that 
created for Berthelot the chair of organic chemistry at 
the Collége de France which he occupied until his death. 

The study of organic compounds led Berthelot to the 
consideration of chemical equilibria and reaction ki- 
netics, the results of which were published in his “Essay 
de Méchanique Chimique” (1879). His work on esters 
which foreshadowed the enunciation of the law of mass 
action two years later (in 1864) and the distribution law 
of Berthelot and Jungfleisch may be mentioned in this 
connection. 

The work on thermochemistry got its start around 
1864 when his organic syntheses were, by and large, 
finished. The results were published in book form in 
1883, 1893, 1897, and 1899. Much of this work was a 
confirmation of laws previously enunciated and estab- 
lished by others. Berthelot speaks of the three princi- 
ples of thermochemistry, the last of which, the principle 
of maximum work, he claims to be the “most original’ 
and exclusively his own. Unfortunately, it is this last 
principle that has met with severe criticism and is now 
abandoned as being incompatible with the facts. 

This brief and incomplete sketch of Berthelot’s work 
gives some idea of the striking personality of the most 
versatile French chemist of the nineteenth century. In 
some respects he was like Bunsen: none of his dis- 
coveries was ever patented. He also retained persist- 
ently the old system of representing formulas, even as 
late as 1890, when chemists everywhere had been con- 
verted to Cannizzaro’s system. Though he was drawn 
into politics for brief periods of time, his life, like Bun- 
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sen’s, was devoted to the pursuit of knowledge. As he 
said himself: ‘“Adonné, dés mes débuts dans la vie, au 
culte de la vérité pure, je ne me suis jamais mélé & la 
lutte des intéréts pratiques qui divisent les hommes. 
J’ai vécu dans mon laboratoire solitaire, entouré de 
quelques éléves, mes amis.”’ 

Berthelot was born in Paris on October 27, 1827, the 
son of a doctor of medicine who was a serious man, 
somewhat depressed by the poverty and misery of his 
patients. His mother, a devout Catholic, was a cheer- 
ful, vivacious person, whom Berthelot greatly resem- 
bled. At the age of nineteen, when finishing his high- 
school years at the Lycée Henri IV, he obtained the 
prix @’honneur de philosophie at a competition open to 
the graduating pupils of all the lycées of Paris. Around 
this time also, he first met Ernest Renan, four years his 
senior, who became his lifelong friend and kept up a 
correspondence with Berthelot which lasted from 1847 
to his death in 1892. While studying for his doctor’s 
degree, Berthelot, in February, 1851, became lecture 
assistant (préparateur) to Balard, the discoverer of 
bromine, who taught chemistry at the Collége de 
France. He kept this position for nearly nine years, 
until December, 1859, when he was made professor of 
organic chemistry at the Ecole Supérieure de Pharmacy, 
and gave up the latter position for the chair of professor 
of organic chemistry at the Collége de France. In 
1861, he married Sophia Niaudet, ten years his junior, 
probably against the wish of his mother since his 
fiancée was a Protestant. Though Berthe!i himself 
was an atheist, his marriage was singularly happy. 
The Berthelots had four sons, one of whom became a 
noted physicist, and two daughters. The story of the 
courtship of Berthelot, as told by Ramsay, does not 
agree with the facts and all one can say is: “Se non é 
vero, é ben trovato.”” Berthelot and his wife died within 
a few hours of each other, and both lie buried in the 
Panthéon. 


PERKIN 


Considering Perkin to be the father of the coal-tar 
dye industry, we might well look upon his teacher, Hof- 
mann, as the grandfather and on Hofmann’s teacher, 
Liebig, as the great-grandfather of this highly important 
industry. In fact, it was Liebig’s “Chemistry of Agri- 
culture and Physiology,” published in 1840, that caused 
considerable commotion in the civilized world, and his 
subsequent visit to England in 1842 increased greatly 
Britain’s interest in chemistry. The immediate result 
was the founding of the Royal College of Chemistry in 
London, due to the initiative of the Prince Consort 
Albert and of Queen Victoria’s physician, Sir James 
Clarke. Prince Albert thereupon induced Hofmann, a 
pupil of Liebig, to become its first director in 1845. 
Hofmann, while still a student at Giessen, had isolated 
from coal tar a compound, discovered by Unverdorben, 
to which the name aniline (from anil = indigo) had 
been given. Hofmann and his English pupi!s began an 
intensive study of this compound and of other products 
obtained by fractional distillation of coal tar. One of 
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his students was a precocious boy of fifteen, William 
Henry Perkin, the youngest son of a builder and eo. 
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tractor who was destined to become an architect. It gq 
happened, however, that he came in contact with q 
capable science teacher, Thomas Hall, who interested 
Perkin in chemistry and called his attention to the 
renowned director of the Royal College of Science, 
Hall persuaded Perkin’s father to let the boy pursue 
chemistry as a career. As Perkin says in his auto 
biography: ‘I saw there was in chemistry something 
far beyond the other pursuits with which I had previ. 
ously been occupied. The possibility of making new 
discoveries impressed me much. .. . I immediately 
commenced to accumulate bottles of chemicals and 
make experiments.” 

Having gone through the routine methods of qualita 
tive and quantitative chemistry, young Perkin, at the 
age of 17, became private assistant to Hofmann. His 
first task in this capacity was to nitrate anthracene and 
to reduce the resulting product. The experiment 
failed, whereupon Hofmann assigned him the study of 
the action of cyanogen chloride on naphthylamine. 
This research was successfully completed and was pub- 
lished in 1856 when its author was 18. It was the 
first of a long list of publications which continued for 


over fifty years to 1907, the year of his death. Al 
though Perkin was kept very busy by his famous chief 
his thirst for knowledge was insatiable, and in a little 
private laboratory in his own home, first fitted up in 
1854, he tried to carry out some of his own ideas. By 
oxidizing toluidine he expected to arrive at the alkaloid 
quinine. However, no quinine was formed and onlya 
dirty reddish-brown precipitate resulted. As Perkin 
stated later: ‘Unpromisipg though this result was, | 
was interested in the action and thought it desirable to 
treat a more simple base in the same manner. Aniline 
was selected and its sulphate was treated with potas 
sium chromate; in this instance a black precipitate was 
obtained, and on examination, this precipitate was 
found to contain the coloring matter since so wel 
known as aniline purple, or mauve, and by a number of 
other names.” This epoch-making experiment, first 
performed in the Easter vacation of 1856, was repeated 
again and again and at the suggestion of his friend, A.H. 
Church, Perkin decided to patent his invention. It was 
probably his artistic bent, which as a youngster had it- 
duced Perkin to work away at painting, that gave him 
the idea to exploit this unexpected result commercially. 
With no experience whatsoever, and against the advice 
of Hofmann, Perkin started his career as the first prac 
ticing “chemical engineer” at eighteen. Ten months 
after his first patent was granted, enough aniline purple, 
as the dye was then called, was produced to supply one 
of the London silk dyers. Nevertheless, progress wa 
slow in the infant industry and it was not until 185 
that the value of the new product was recognized. 
It was the Société Industrielle de Mulhouse in Alsace 
Lorraine which awarded him a silver medal (and later 
a gold medal). As a consequence, Perkin’s first dy¢f 
was known almost exclusively as mauve or mauveine. 
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Success of the new dye stimulated further research. 
Magenta was successfully manufactured in France in 
1859, aniline blue or bleu de Lyon in 1861. In 1862 
Hofmann, who took a leading part in the study of the 
new dyes, showed that magenta is the salt of a base 
which he called rosaniline. The structure of many ani- 
line dyes became known rapidly after Kekulé had estab- 
lished the structure of benzene in 1865, but it was not 
until 1888, more than twenty years after Perkin’s dis- 
covery, that mauveine was recognized as a phenyl de- 
rivative of phenosafranine. 

Although engaged as a manufacturing chemist, Perkin 
assigned the actual running of the dye factory at Green- 
ford Green to his older brother. This left him enough 
time to carry out organic researches not directly related 
to dyestuff chemistry. With Duppa, he succeeded in 
synthesizing glycine and tartaric acid (1860-64) and 
around 1867 he started work on the action of acetic 


anhydride on aromatic aldehydes, which led to the 


celebrated Perkin synthesis. This enabled him to 
complete, in 1868, the synthesis of coumarin, the odor- 
ous constituent of the Tonka bean, thus inaugurating 
the first artificial production of a vegetable perfume. 
His synthesis of cinnamic acid made possible the work 
of von Bayer and Caro on indigo. When Graebe and 
Liebermann, in 1868, showed that alizarin is a deriva- 
tive of anthracene and secured, in the same year, a 
patent on its manufacture, Perkin again experimented 
on the material with which he had made his scientific 
debut. Realizing that the method outlined in the 
German patent was too expensive to compete with the 
natural product obtained from madder, he simplified 
the process by eliminating the use of bromine and made 
his alizarin by starting from dichloroanthracene or 
from sulfonated anthraquinone. This second method 
had, meanwhile, also been worked out in Germany and 
bya curious coincidence the German patent was granted 
on June 25, 1869, and Perkin’s the following day. The 
competitors avoided a litigation by assigning the Ger- 
man patent to the continent and Perkin’s patent to 
England. 

In 1874, after 18 years of experience as a manufac- 
turing chemist, Perkin, at the age of 36, retired to 
spend the rest of his life as an independent researcher. 
Perkin has sometimes erroneously been blamed for 
leaving the field of applied chemistry, thereby slowing 
down the progress of the budding dye industry in his 
It must not be forgotten that it was Hof- 
mann who induced his countrymen Martius and Griess 
tocome to England. Caro, another German, had been 
attracted by Perkin’s discovery and came over to work 


§ for the firm of Robert and Dale in Manchester, in 1859. 


These men aided materially in the development of Brit- 
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ain’s new dye industry. However, progress began to 
slacken after a while because the structure of the new 
products was not known and could not be known for 
some time. It was only after Kekulé, while still at 
Ghent (Belgium), had solved the riddle of the benzene 
structure that further progress could be made. Hof- 
mann, “seized with a profound homesickness for the 
spiritual heights of a German University,” left London 
in 1865 to fill the chair of chemistry left vacant by the 
death of Eilhard Mitscherlich in Berlin. Kekulé, 
another pupil of Liebig, left Ghent in 1867 to become 
professor of chemistry at Bonn. Martius followed his 
teacher Hofmann, and Caro also returned to Germany 
in 1866, becoming a director of the newly established 
Badische Anilin- und Sodafabrik at Ludwigshafen in 
1869. 

When Perkin quit in 1874 he built himself a new home 
at Sudbury and converted his former residence into a 
laboratory. Here he continued the study of the ma- 
terials which had occupied him previously as a manu- 
facturer. Gradually he drifted into a new field of 
study with which the name of his illustrious compatriot, 
Faraday, is connected. The first communication on 
“rotatory polarization by chemical substances under 
magnetic influence” appeared in 1882 and was followed 
by further installments up to the time of his death, 25 
years later. This work, highly praised by his contem- 
poraries and mentioned even in elementary textbooks 
of physical chemistry, has lost a good deal of its value, 
as a result of the later more reliable methods of struc- 
tural investigation of organic compounds. 

Perkin was an extremely modest man, a model hus- 
band, and father of three sons (all trained chemists) and 
four daughters. As a private, nonacademic researcher 
he had few collaborators and no pupils. Although 
favorably known in his own country, he received only 
belated recognition from the outside world. Apart 
from one honorary Ph.D. degree, conferred on him by 
the University of Wiirzburg in 1882, he received no 
academic distinctions outside England except near the 
very end of his life. Then the commemoration of the 
discovery of the first coal-tar dye set in motion a series 
of jubilee celebrations which must: have been a consider- 
able strain to a man of retiring habits and extreme fru- 
gality. The American Chemical Society, which had 
included both Bunsen and Berthelot among its honorary 
members in the year of its founding in 1876, did not put 
Perkin on its honor roll until 1906. The first American 
“Perkin” medal was presented to Perkin in the fall of 
1906, on his first and only visit to this side of the At- 
lantic. The ordeal of this strenuous American tour 
was such that it probably hastened his death which 
came on July 14, 1907. 
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Or rue 90 odd elements about 70 in their elemental 
state are metals but here only the more common will 
be considered. Steel, aluminum, and a few nonferrous 
metals will be stressed. Steel will receive most atten- 
tion because of its dominating position in the metal 
industry. Well over 90 per cent of all the metal pro- 
duced is steel. This is illustrated in Table 1 which 
shows the U. S. metal production in 1871 and in World 
War II. It is this relative position of steel that makes 
it the backbone of the metal industry and the founda- 
tion of our modern industrial civilization. The steel 
age really started in the 1850’s; prior to that time the 
ferrous product was iron. The iron and steel industry 
started before the days of science as we know it today. 
A tremendous amount was learned about the produc- 
tion and properties of steel and the information was, 
for the most part, developed empirically. It may be 
said that the practice of making and using iron and 
steel far outran the underlying science. In fact it has 
not been until the last 25 years that some of the basic 
principles have begun to be appreciated. 


TABLE 1 
U. S. Metal Production 

World war II 
1871, record year, 

Commodity tons tons 
Pig iron 1,900,000 62,800 ,000 

opper 1, 
ian 19,800 496 ,000 
Zinc 7,000 768 , 000 
Aluminum None 918,000 


METALLURGY IN THE NINETEENTH CENTURY 


In contrast to this is the situation in the aluminum 
industry. The relatively recent start of this industry 
brought it into a world where science was already be- 
coming recognized as an important part of technology. 
Consequently the aluminum industry grew out of 
science and the rapid and substantial growth of this 
industry was greatly aided by science. It is not the 
purpose of this paper to compare the different metals, 
but the case of steel and aluminum raise some interest- 
ing questions of a technical nature. The gigantic steel 
industry is quite often referred to as backward in 
science and research. Although this industry produces 
far more metal at a much lower cost per pound than all 
the other metal industries, its present powerful posi- 
tion could probably have been achieved at a much 
lower cost, if the modern approach of scientific research 
had been available and more extensively used. 

Frequently the competition among the metals for 
specific uses is stressed. Here, however, the mutual 
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assistance of the metals seems more significant. When 
the automobile industry was developed it might seem, 
because of the extensive use of steel, that this was pre 
eminently a steel development. The average per 
centage of steel in an automobile is about 84. Many 
other metals have found the automotive industry an 
important outlet for their products. In spite of com 
petitive readjustments of the individual markets, the 
family of metals has continued to rise together. This 
is very well illustrated by the steel industry, which in 
itself, is a great user of nonferrous metals. Table ? 
illustrates this point. 


TABLE 2 
Partial List of Nonferrous Metals Used by Steel Industry 
Metal Tons required 
Steel production 90 ,000 , 000 
Manganese 600 , 000 
Silicon 200 , 000 
Chromium 150,000 
Nickel 125,000 
Molybdenum 30,000 
Tungsten 10,000 
Vanadium 3,000 


THE IRON AND STEEL INDUSTRY 


In spite of the limited scientific help available, the 
iron and steel industry had to solve some difficult and 
important technical problems in the nineteenta century. 
The principal fuel used for the industry, at least in some 
parts of the world, changed from charcoal to anthracite, 
and then to coke. Each change was attended by: 
multitude of problems. Refractories came in fo 
their share of study, and mechanical handling of me 
terials required much attention for it formed a larg 
part of the cost of steelmaking. In spite of thew 
problems, production of iron and steel increased at 
rapid rate, as shown in Figures 1 and 2. Figures fa 
the twentieth century have been included to serve # 
a measure of comparison. 

Most of the early development took place in Europe, 
with Great Britain leading the way. Toward the endd 
the century, however, her leadership in steelmaking 
was being challenged both in Europe and by the Unitel 
States. 

Studies of the production figures for iron and sted 
from 1865 to the turn of the century bring out some 
interesting points. Iron production is shown in Table! 
and steel production in Table 4. 

In 1865 Great Britain produced considerably mot 
pig iron and more steel than France, Germany, and the 
United States together. By 1905, however, the Unitel 
States was producing almost twice as much pig ird 
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and more than twice as much steel as the other three 
combined, and Germany had surpassed Great Britain 
by a considerable margin in steel production and by a 
smaller margin in iron production. As a matter of 
fact, Great Britain was probably still leading in iron 
production by a small margin at the turn of the century. 

Rickard, in his book, ‘Man and Metals,” explains 
the metallurgical and industrial leadership of Great 
Britain in the following terms: 


Thanks to the inventive genius of her own sons, England was 
enabled to make the most of her resources in iron and coke; 
in 1865 she produced more iron than all the rest of the world; 
indeed, not long before that date her exports of the metal had 
equalled the gross production of all other countries; her pre- 
eminence was unchallenged not only as the chief iron-producer 
but as the industrial leader of the world, for one is the consequence 
of the other. England’s commercial ascendance in the nine- 
teenth century was due to the possession of ample deposits of 
both iron and coal, and their proximity to each other, together 
with an energetic population, directed by capable captains of 
industry. The same conditions and capacities were developed 
subsequently in the United States. 


The position of leadership that Great Britain at- 
tained and held in the nineteenth century was based, 
in no small measure, on the inventiveness of her citi- 
wns. They had developed a strong foundation in iron- 
making in the eighteenth century. Nielson applied 


TABLE 3 
Production of Pig Iron by Countries 


Great United 
Britain States Germany France 


4,897,971 843,410 988,191 1,203,710 
6,469,219 2,056,750 2,029,389 1,448,272 
5 4,110,600 3,687,434 1,639,648 
9,597,449 5,788,798 3,005,889 

23,340,258 10,987,623 3,077,000 

9,037,150 30,202,567 17,852,571 4,871,992 
6,207, 36,700,600 10,046,800 8,323,100 


TABLE 4 
Production of Steel by Countries 


Great United 
Britain States Germany France 


13,848 

396, 165 

1,739,883 

6,212,671 

20,354,291 
31,751,324 17,868,909 4,078,352 
6,136,700 45,393,500 12,176,200 7,289,700 


the hot blast to the iron furnaces. Bessemer con- 
tributed much to the steelmaking process which bears 
his name. He was a particularly prolific inventor. 
It is said that in his lifetime he spent over 10,000 
pounds on patent office fees and many of his inventions 
applied to the steel industry. The open hearth process 
of Siemens (and Martin in France) was developed 
after some preliminary work by Heath about the same 
time as the Bessemer process but did not nearly equal 
it in importance as a steel producer until the twentieth 
century. At present it leads by a considerable margin. 
Thomas and Gilchrist developed the basic Bessemer 
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about two decades later—a process which has been 
widely used in Europe. In addition to these major 
contributions, the scientists of Great Britain made 
many other developments of a less spectacular nature. 
The rapid growth of steel production in Germany 
was in part due to the iron that came from Lorraine, 
which was taken from France as a result of the war 
of 1870. In 1913 some 80 per cent of the iron con- 
sumed by Germany came from that district. This 
area was later turned back to France. Rather pecul- 
iarly the boundaries drawn after the war of 1870 left 
the Briey basin to France. This was apparently done 
either in ignorance of the fact that the iron deposits 
extended south of the new border or that the type of 
ore in them was valuable. They comprised the so- 
called minette deposits which were high in phosphorus. 
Less than ten years later the Thomas-Gilchrist basic 
converter was developed and it became feasible to 
smelt the minette ores. The district thereby became 
more valuable than that annexed by Bismarck. It 
might be mentioned that at the beginning of World 
War I the Germans immediately invaded the Briey 
basin and had the use of that ore throughout the war. 
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Somewhat earlier it was pointed out that Great 
Britain had led in steelmaking the greater part of the 
nineteenth century. Rickard has explained the leader- 
ship as a combination of adequate raw materials, in- 
dustrial enterprise, an energetic population, and in- 
ventive genius. In groping for the answer as to why 
Great Britain led in the nineteenth century but lost 
the lead with the approach of the twentieth century, 
it does not appear that Germany, France, or the 
United States were particularly lacking in the above 
characteristics, although, in the nineteenth century, 
the British, on the basis of the record, might be said 
to lead in inventive genius. But the United States, 
Germany, and France were able to adopt the British 
inventions and then push on to developments of their 
own. It is possible, now that we see all four countries 
strongly industrialized, that a major factor which de- 
termines the metal production is the population which 
forms the market for the product. And Great Britain 
with the smallest population, and lacking in the size of 
its territory and the general abundance of its resources, 
could not keep pace with those countries more favored 
in these respects. At the present time the size of the 
population and the standard of living that the general 
resources of the country will allow are quite definitely 
factors in the current rates of steel production. 

One factor, according to Rickard, that made the iron 
industry of Great Britain strong in the nineteenth 
century was the ample deposits of coal and ore in close 
proximity to each other. No doubt that was desirable 
and perhaps essential for the start of the industry but 
current conditions would seem to indicate that this is 
not necessary to sustain the industry. At present in 
the United States, Pennsylvania coke is being used 
extensively to smelt Minnesota ores. Furthermore, 
the steel industry of the United States is currently 
developing sources of ore in Canada and South America. 

Thus far the impression has probably been given 
that Great Britain alone made all of the important 
developments in steelmaking. This is not quite true. 
The development of the open hearth furnace was partly 
a French development with Martin a major contributor. 
The Germans contributed much to the improvement of 
the blast furnace. The principle behind the Bessemer 
process was first tried by an American named Kelly, 
but Bessemer and Mushet, two Englishmen, generally 
ure given credit for making the process succeed. While 
the contribution from America to the steelmaking of 
the nineteenth century was limited, its contributions 
to the fabrication of the steel were considerably more 
important. Cold rolling was developed by Lauth 
while Fritz developed the three-high mill. Neverthe- 
less, in spite of these contributions to production 
metallurgy, the world depended quite heavily on Great 
Britain in the nineteenth century for its leadership. 
As C. D. King remarks, “In retrospect, it is quite 
interesting to note that the basic principles of steel 
production have changed but little in this period 
(1870’s to present). . . . The regenerative Siemens 
furnace has been modified in size, durability, and per- 
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formance, but not in principle; the Bessemer employs 
essentially the very same principle as in 1870; and the 
electric furnace, while of more recent origin, has changed 
in mechanical phases rather than in principles of steel. 
making. But apart from basic principles, there js 
nothing in common between present day facilities or 
methods and those employed years ago.” Comparison 
of pictures of old facilities and modern ones bear this 
out. 


PHYSICAL METALLURGY 


Until now we have considered just the production 
metallurgy and have noted the leadership of Great 
Britain and the active cooperation and interchange of 
information between the nations. Physical metallurgy 
presents a somewhat different picture. Here the con- 
tributions seem to be spread more uniformly among 
the nations and were made by scientists rather than 
plant people. This work was quite extensive during 
the eighteenth century; here, however, we will con- 
fine our attention to the nineteenth century. No 
attempt will be made to treat the subject compre- 
hensively; rather selected examples will be used to 
illustrate the existing situation. 

Karl Karsten in Germany isolated the carbon of 
soft steel in 1827, and other investigators of varying 
nationalities clarified the subject. Tchernoff, a Rus- 
sian, is considered the father of the critical points of 
steel, for he proved in 1869 that steel cannot be hard- 
ened unless heated above a certain specific temperature. 
Gore, Barrett, and Tait also contributed to the sub- 
ject of hardening steel. 

There were many valuable contributions on the sub- 
ject of mechanical properties of metal. In 1807 
Thomas Young, an English physicist, described the 
modulus of elasticity, and Thomas Tredgold, an English 
civil engineer, using Young’s information, scientifically 
considered in 1822 the question of strength of metallic 
materials. Hodgkinson in England in 1830 studied 
the behavior of beams and girders under stress, and 
Squire Whipple of the United States in 1847 studied 
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the stresses in framed structures. Whipple presented 
the first scientific and correct analysis of bridge build- 
ing, which replaced the old empirical methods. By 
1871 the mechanical testing of metals was well es- 
tablished. 


The French were leaders in the study of the elasticity | 


of metals. The scientists, whose work in this field 
was noteworthy, were Cauchy, Matteucci, Wertheim, 
Poisson, Navier, Lame, Clapeyron, and Sain-Venant, 
and by 1871 the theory of elasticity had practically 
been completely formulated. 

The influence of repeated stresses was a field in 
which the Germans were prominent. Albert in Ger- 
many recognized the effect as early as 1829. Hodg- 
kinson, Fairburn, James, and Galton did considerable 
work in England, but Wohler was probably the out- 
standing investigator in the field. He found limiting 
endurance stress values for metals and noted the del- 
eterious effect of notches. 

Metallography was developed in the early part of 
the nineteenth century but its extensive practical use 
did not take place until the twentieth century. Wid- 
manstiitten in Vienna in 1808 did some of the earliest 
work. Sorby in England did considerable good work, 
but it did not arouse much attention in England. 
Martens in Germany did a great deal of metallographic 
microscopic work, particularly on cast iron. His 
work was important and influential in Germany and 
France. Anosoff in Russia did some interesting metal- 
lographic work in 1841 but it did not come to the atten- 
tion of scientists outside of Russia. Tchernoff, how- 
ever, in his famous paper on the critical temperature 
described the dendritic structure of ingots. America 
does not appear to have contributed much to micros- 
copy until the last decade of the nineteenth century 
when Howe and Sauveur published some interesting 
papers and a symposium was held in 1894 on the 
“Dhysics of metals.” 

The physical metallurgy of the nineteenth century 
Was extensive and important. The work was well 
distributed over the various countries, and while the 
British may have held a slight leadership, it was not 
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nearly as pronounced as it was in production steel 
metallurgy. The physical metallurgy, however, had 
one thing in common with production metallurgy; they 
both dealt largely with iron and steel. The coordina- 
tion between the physical metallurgy and production 
was not particularly good. The United States moved 
into leadership in metal production with a minimum 
of physical and production metallurgy. It would 
almost seem as though you can have your industry 
prior to the development of production metallurgy by 
borrowing from others, while physical metallurgy in 
the case of steel seems to be almost independent of in- 
dustry. 


COPPER, LEAD, AND ZINC 


Copper, lead, and zine will be but briefly discussed, 
not because they were unimportant but because steel 
and aluminum represent the extremes among the 
metals produced in large quantity. Copper, for 
example, has a long history of use, longer, in fact, than 
that of steel. Like steel, however, its extensive use 
did not really take place until the end of the nineteenth 
century, and that was the start of a tremendous ex- 
pansion in the twentieth century. World production 
figures are given in Figure 3. The production curve 
is much the same as that for steel and the United States 
has been the leading producer since 1883, except for 
two years in the 1930’s when Chile led. 

Lead, on the other hand, shows a somewhat dif- 
ferent pattern, as illustrated in Figure 4. The rise is 
less spectacular and the world production failed to 
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reach a new high in World War II. The United States 
again held the lead in production almost every year 
since 1880 when she moved ahead of Spain. 

Zine production, as shown in Figure 5, shows the 
same general upward trend as copper but the rise is 
not so spectacular. Zinc production was well es- 
tablished in Europe in 1870 and just starting in the 
United States. However, by 1910 we had passed 
Germany. 

The problems of the copper, lead, and zine industry 
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were somewhat like those of steel in that a substantial 
industry had been built by empirical methods before 
science became strong. Nevertheless these industries, 
like the aluminum industry, quickly embraced mod- 
ern scientific methods, and the various nonferrous in- 
dustries have strong research organizations. 


THE ALUMINUM INDUSTRY 


Not because it had arrived at a position of importance 
in the nineteenth century (see Figure 6) but rather be- 
cause of its different origin and antecedents, the 
aluminum industry will be described here. Aluminum, 
unlike iron, cannot be traced back into antiquity. It 
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was first produced in 1825 by Oersted, a Dane, by 
heating potassium amalgam with aluminum chloride, 
but there was a controversy as to whether or not he 
produced metallic aluminum. It is now generally con- 
ceded that he did. Friedrich Wéhler two years later 
in Germany succeeded in reducing it with potassium. 
H. Sainte-Claire Deville improved Wéhler’s method 
in 1854 by substituting sodium for the potassium. 
Aluminum was made in limited quantities by the 
Deville method but was quite expensive. English 
investigators were also working on the reduction of 


MaxwEL’'s daemon has remained since 1871 as a paradoxical 
being who, with the aid of fine enough faculties and a frictionless 
door could transfer heat from a system at a lower temperature to 
one at a higher “in contradiction to the second law of thermo- 
dynamics.” 

Eighty years later, Maxwell’s paradox has been paid the com- 
pliment of resolution by L. Brillouin, of the Internationa] Busi- 
ness Machines Corporation, New York, as an introduction to 
some serious discussion of the theory of communications. 

“Let us suppose,” he quotes, “that a vessel is divided into two 
portions A and B by a division in which there is a small hole, and 
that a being who can see the individual molecules opens and closes 
this hole, so as to allow only the swifter molecules to pass from A 
to B, and only the slower ones to pass from B to A.”’ The italics 
are Brillouin’s, and indicate the basis of his criticism. 
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eryolite. Castner, an American, in 1886 developed g 
low cost method for making sodium thereby reducing 
the price of aluminum. Bunsen, Sainte-Claire Deville, 
and others tried to electrolyze salts of aluminum but 
did not succeed in developing a commercial process, 
Hall, an American, while a student in college, finally 
solved the problem in 1886 by electrolyzing a solution of 
alumina in cryolite. Paul L. T. Heroult was granted 
a similar patent in France at almost the same time. 
This process went into operation in 1888 in the United 
States and forms the basis for the production of 
aluminum throughout the world. 

A striking thing about the development of the 
aluminum industry was the fact that it was so soundly 
based technically. The names, in large part, of those 
engaged in the development of the process are those of 
outstanding scientists. There has been from the very 
beginning of the industry a close relationship between 
science and production. It is quite a contrast from 
the steel industry which was largely developed before 
science became of age, while the aluminum industry 
was developed after. As a consequence, in order to 
develop the necessary background of technical data 
rapidly, and make possible the phenomenal growth of 
this new industry, it was necessary to bring to bear the 
full force of scientific research on the problem. 
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MAXWELL‘S DAEMON 


“The daemon,” he points out, “is in an enclosure at a constant 
temperature, where the radiation must be that of a ‘black body,’ 
and it is impossible to see anything in the interior of a black body. 

“It would not help to raise the temperature. At red tempera- 
tures, the radiation has its maximum in the red, and obtains 
exactly the same intensity, whether there are no molecules or 
millions of them in the enclosure. Not only is the intensity the 
same, but also its fluctuations. 

“The daemon,” he concludes, “cannot see the molecules, hence 
he cannot operate the trapdoor, and is unable to violate the 
second principle.” 

Further, if he is provided with an electric torch or the equiva- 
lent with which to see the molecules, then also he fails; the mini- 
mum net change being in the direction of a degradation of energy. 
—Science To-day. 
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* THE USE OF FLUORESCENCE IN QUALITATIVE 


ANALYSIS 


Tue hesitancy of teachers to use fluorescence in ele- 
mentary qualitative analysis is probably due to three 
reasons: first, the impression that the techniques are 
difficult; second, the belief that the apparatus is ex- 
pensive; and third, the fact that definite instructions 
which may be given to the student for applying these 
methods are not available. It is the purpose of this 
paper to show that the techniques are simple, that the 
apparatus required is inexpensive, and to outline pro- 
cedures which may be used in any scheme of qualita- 
tive analysis. 

Fluorometric reagents afford much more specific 
and more sensitive confirmatory tests than those 
usually employed for several of the elements. The 
tests are generally very definite and a student does 
not have to wonder whether the result is positive or 
negative. The procedures described here have proved 
successful in the author’s classes for many years. For 
convenience in duplicating the experiments, a source of 
supplies is given at the end of this article. 


APPARATUS 


The essential equipment for fluorescence observa- 
tions in the qualitative laboratory is a view box and a 
source of ultraviolet light. Figure 1 shows the dimen- 
sions of a view box designed for use with 6- X 1/2-in. 
test tubes which is similar to the visual comparator 
described by Fletcher and others (1). This is painted 
on the inside with a flat black paint; a glossy paint 
causes too much reflection. The hinged door at the 
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back of the box is not necessary but is convenient for 
inserting solids in order to observe their fluorescence. 
A Corning No. 5874, 6'/2-in., blue-glass filter is used to 
transmit the ultraviolet light and exclude the visible. 
A convenient source of ultraviolet light for this view 
box is two 6-in., 4-watt, clear glass 360 BL fluorescent 
light tubes arranged as illustrated in Figure 2. These 
tubes require a small ballast transformer and starter. 
An entire outfit, including a tube, bracket, ballast, and 
wire, can be purchased under the name of a Blacklite 
System, or completely assembled holders for one or 
two tubes can be obtained. Two of these tubes give 
a sufficient amount of ultraviolet light for most labora- 
tory purposes. The tubes furnished with the Biack- 
lite Systems are made of blue glass which is useful for 
demonstration purposes but is not necessary when a 
filter is to be used. In practice the tubes should be 
backed with an aluminum reflector. Quite a satis- 
factory source of ultraviolet light is obtained by plac- 
ing an 18-in., 15-watt 360 BL tube in an ordinary 
balance lamp or desk fixture. The designation 360 
BL indicates that the tube is coated with a phosphor 
which has an appreciable emission in the vicinity of 
3500 to 3600 A. 
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For those unfamiliar with the phenomenon of 
fluorescence and sources of ultraviolet light, a brief 
exposition on these topics may be desirable. The 
fluorescence of most substances, either in solution or as 
solids, is produced by exciting with wave energies be- 
tween 3000 and 4000 A. This range of wave lengths 
is transmitted by ordinary glass and is harmless to the 
eyes. Wave lengths below 3000 A. are not transmitted 
by glass and are quite harmful to the eyes. Any 
sources of ultraviolet light generated in glass con- 
tainers, such as the units described above, and high- 
pressure mercury-vapor lamps with glass envelopes 
may be used with safety. Reaction vessels used with 
such lamps can be of either pyrex or soft glass since 
both transmit the wave lengths from 3000 A. to 4000 A. 
In some few cases shorter wave lengths are required to 
excite the-ftuorescence. Examples of this are uranyl 
nitrate solution, scheelite mineral, and the thallous 
chloride-potassium chloride complex. 


The low-pressure mercury-vapor lamp with a quartz 


or special corex-glass envelope gives a radiation es- 
pecially rich at 2537 A. This lamp must be used with 
a purple filter which transmits in this region and the 
operator must wear goggles to protect his eyes. The 
rays from the lamp are brought into direct contact 
with the object under examination or it may be placed 
in a quartz container. 


ALUMINUM (2, 3) 


Reagent: 4-Sulfo-2,2’-dihydroxyazonaphthalene, 0.1 
per cent solution in 95 per cent alcohol (see Note 
below). 

Procedure: After treating the hydroxides of alu- 
minum, chromium, and iron with sodium peroxide, 
centrifuge the mixture and treat the decanted solution 
as follows: Make just acid with acetic acid using 
phenolphthalein as an indicator and add 1 ml. of 0.5 
N acetic acid in excess. Add lead acetate until all of 
the chromate is precipitated. Filter, dilute the filtrate 
to 10 ml., and heat to about 80°C. in a test tube. 
Add about 0.5 ml. of the above reagent to the hot 
solution, mix by swirling, and examine under ultra- 
violet light. The presence of aluminum is indicated 
by a red fluorescence. If chromium is absent, as 
indicated by the absence of a yellow color after oxida- 
tion with sodium peroxide, the lead acetate is omitted 
but all other directions followed. The solution must 
be distinctly acid with acetic acid for the test. This 
test is sensitive to 0.1 ug. of aluminum and a dilution of 
one part in five million. Gallium is the only other 
element that gives a positive test with this reagent 
and the fluorescence of the gallium complex is far 
weaker than that of aluminum. Iron and chromium 
must be removed because these ions destroy the reagent 
by forming a precipitate. 

Note: The reagent 4-sulfo-2,2’-dihydroxyazonaph- 
thalene may be used as the acid or the sodium or zinc 
salt. The zinc salt is known in the dye industry as 
Pontachrome Blue Black R. The 0.1 per cent solu- 
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tion in alcohol is stable for a period of years. The soly. 
tion is prepared as follows: 0.1 g. of the dye is mixed 
with 100 ml. of 95 per cent alcohol in a narrow-mouthed, 
eight-ounce bottle and heated to boiling, in a bath of 
boiling water, for about five minutes. 

The aluminum complex which produces the fluores. 
cence is stable indefinitely. The greatest number of 
errors in this test result from not having the solution 
acid when adding the dye reagent. 

A precaution in the use of this test must be given if 
the Barber-Taylor laboratory procedure is used. This 
is the pressure-bulb method using cotton as a filter 
medium. If the highly alkaline medium, used for the 
separation of aluminum from iron, passes through 
cotton some of the cotton is dissolved and the re 
sultant product interferes with the fluorescent test for 
aluminum. Because of the nature of the precipitate 
centrifugation is preferable to filtration at this point 
in the analysis. 


ZINC (4) 


Reagents: (1) 0.6 ml. of 35 per cent sodium silicate 
added to 100 ml. of 2.5 N NaOH. (2) 1 g. of Na.S,0, 
dissolved in 25 ml. of water (this solution must be 
made fresh each day and should be boiled for a minute 
to remove H.S). (8) 0.3 g. of benzoin dissolved in 100 
ml. of 95 per cent alcohol. (4) 0.2 g. of Mg** ion as 
MgCl. dissolved in 100 ml. of water. 

Procedure: Precipitate zinc as a sulfide as in the 
usual scheme. Filter, wash, and dissolve the Zn8 
in 1 or 2 ml. of 1 N HCl. Boil until all H.S is expelled. 
Dilute to 10 ml. and add 1 ml. of each of the above 
reagents in the order given. Run a blank along with 
the test solution. Mix thoroughly by swirling, let 
stand two minutes, and examine under the ultraviolet 
lamp. A green fluorescence indicates the presence of 
zinc. This test may be made on an original unknown, 
provided antimony is absent, by adding NaOH until 
the solution is decidedly alkaline, filtering, making the 
filtrate nearly neutral, and adding the above reagents. 
It is obvious that any ions precipitating with NaOH 
or Na2S.O, must be removed before applying this test. 
The test is sensitive to 1 yg. of zine at a dilution of one 
part in a million. 

Notes: The zinc complex with benzoin is adsorbed 
on the magnesium hydroxide. Sodium dithionite is 
used to keep the benzoin from decomposing in the 
alkaline medium. Sodium silicate stabilizes the com- 
plex formed; without this reagent, the fluorescence 
can be observed for only about one-half an hour. The 
reaction is destroyed by hydrogen sulfide, and com- 
mercial sodium dithionite (hydrosulfite) often contains 
traces of hydrogen sulfide which must be removed. 
Beryllium and antimony are the only elements found 
to give a fluorescence with benzoin and both of these 
elements will give a fluorescence before the addition 
of the magnesium chloride. Antimony produces 4 
purple-white fluorescence and the beryllium a green 
fluorescence. 
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In many texts 8-hydroxyquinoline is used to precipi- 
tate and confirm zinc. If the zinc-8-hydroxyquinolate 
precipitate is examined under ultraviolet light, it will 
be found to give a green fluorescence. 


BORON (5) 


Reagent: Benzoin, 0.4 per cent in 95 per cent ethyl 
alcohol. 

Procedure: Using litmus as an indicator, make 5 ml. 
of the solution just basic with 0.25 N NaOH and add 
5 drops in excess. Filter to remove any precipitate. 
To 1 ml. of this filtrate, add 9 ml. of 95 per cent re- 
distilled ethyl alcohol. Add about 1 ml. of 0.4 per 
cent benzoin mix and observe under the ultraviolet 
lamp. A strong greenish-white fluorescence indicates 
the presence of boron. This test is sensitive to 0.2 
yg. in 10 ml. or to one part in five million. Boron 
is the only element that responds to this test. 


SODIUM 


Reagent: Magnesium or zinc uranyl acetate. 

Procedure: The procedure for precipitating sodium 
Examination 
of the precipitate under ultraviolet light increases the 
sensitivity about tenfold. The sodium zine (or mag- 


“nesium) uranyl acetate precipitate gives a greenish- 
_yellow fluorescence. 


BERYLLIUM (66, 1) 


Reagent: 1-Amino-4-hydroxyanthraquinone, 0.03 per 
cent in 95 per cent ethyl alcohol, or 1-4-dihydroxyan- 
thraquinone (quinizarin). 

Procedure: Beryllium precipitates with aluminum in 
the usual qualitative separation. After the separation 
of chromium, as described under the aluminum test, 
the procedure is as follows: Make the solution just 
acid with HCl, and then alkaline with NH,OH, warm, 
and filter. Dissolve the precipitate in 5 ml. of 1 N 
HCl; more may be used if necessary. Dilute to 20 
ml. with water and use 10 ml. to confirm aluminum 
and the other 10 ml. for beryllium. Add 1 ml. of 10 
per cent sodium citrate and 3 drops of 0.03 per cent of 
either of the above reagents. The solution should be 
a faint orange color. Add 0.25 N NaOH drop by drop 
until the solution becomes purple. Add 1 ml. more 
of the reagent. If the solution is not purple more 
NaOH should be added. (This neutralization is quite 
easily observed, but if the student has difficulty he 
should practice with a pure water solution and ob- 
serve the color change of this dye from acid to basic 
medium.) Two more ml. of 0.25 N NaOH are now 
added and the solution observed under an ultraviolet 
lamp. An orange-red fluorescence indicates the pres- 
ence of beryllium. This test is sensitive to 1 yg. of 
beryllium and to a dilution of one part in four million. 

For the detection of beryllium (7) in a mineral the 
following procedure may be followed: A fusion mixture 
of 3:1 sodium carbonate-borax glass bead is formed on a 
platinum loop. This bead is touched to the powdered 
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ore and fused again; it is then dissolved in 6 to 8 drops 
of 6 N HCl by placing the platinum wire and bead in 
the acid and warming. The procedure outlined above 
beginning with the sodium acetate addition should 
then be followed. The volume at the final addition 
of the reagent should be between 10 and 20 ml. 

Notes: Both of the above reagents have about the 
same characteristics in this test and the choice is one 
of personal preference. Lithium is the only other ele- 
ment that will give a similar fluorescence to beryllium 
with these reagents and about 1000 yg. of lithium 
are required to give the same intensity of fluorescence 
as 1 yg. of beryllium. 

Elements which form precipitates with sodium hy- 
droxide must be removed before testing for beryllium 
unless they are present only in trace amounts. 


THALLIUM (8) 


Reagent: Potassium chloride. 

Procedure: Thallous chloride precipitates in Group 
I of the qualitative procedure along with silver, lead, 
and mercury and is separated with lead by hot-water 
extraction. Ten ml. of 1 N potassium chloride is 
added to the solution containing lead and thallium 
and the beaker is placed under a source of ultraviolet 
light rich in short wave lengths in the vicinity of 
2537 A. A purple fluorescence indicates the presence 


of thallium. This test is sensitive to 1 yg. of 
thallium and to a concentration of five parts in ten 


million. 

Notes: A low-pressure mercury-vapor lamp is the 
simplest source of the short wave lengths necessary 
for this fluorescence. The technique of placing the 
beaker containing the solution to be examined under 
the light avoids the use of a quartz container. 


THORIUM (9) 


Reagent: 1-Amino-4-hydroxyanthraquinone, 0.1 per 
cent in 95 per cent ethyl alcohol. 

Procedure: Thorium precipitates along with iron in 
the common scheme of qualitative analysis as a hy- 
droxide. To separate the thorium from iron this pre- 
cipitate is dissolved in hydrochloric acid and the solu- 
tion then neutralized with 10 per cent sodium carbon- 
ate and 5-ml. excess is added. This precipitates the 
iron and leaves the thorium in solution as a complex 
carbonate. To confirm the thorium, proceed as 
follows: Filter; wash the precipitate once with sodium 
carbonate and once with water. 

Make the filtrate acid using concentrated nitric acid 
and heat it to remove the carbon dioxide. Add 10 
ml. of saturated potassium iodate solution. This pre- 
cipitates the thorium as an iodate. Filter; wash the 
precipitate once with water and then wash it into a 
beaker using 20 ml. of concentrated HCl. Add 7 ml. 
of concentrated HNO; and evaporate to dryness. Dis- 
solve the residue in 10 ml. of water and add a few drops 
of thymol-blue indicator. In most cases this will show 
a pale yellow indicating a pH of about 1.75. If the 


color is pink 0.1 N NaOH should be added drop by 
drop until the yellow appears. Now add 1 ml. of 10 
per cent l-amino, 4-hydroxyanthraquinone and mix by 
swirling. If thorium is present the solution will have 
a purple tinge and will give a red fluorescence under 
ultraviolet light. The dye will remain permanently 
dispersed. The dye alone, and in the presence of all 
other metallic ions, precipitates after a few minutes. 
The test is sensitive to 40 ug. of thorium and to a con- 
centration of one part in 125,000. 

Notes: Gallium and praseodymium are the only 
elements that give a fluorescence under these condi- 
tions. With both of these elements the solution re- 
mains red and the dye precipitates in a few minutes. 
Large amounts of foreign salts cannot be tolerated and 
in testing for thorium from highly acidic mixtures it 
should be precipitated with iodate as indicated above. 

The precipitation of the reagent with other metals 
often takes place in a curious fashion. The precipitate 


appears to leave the walls of the test tube as a mem- 
brane-like sack which contracts slowly leaving a floc- 
culent precipitate on top of the liquid. 


CONCLUSION 


No effort has been made here to describe all of the 
known qualitative fluorescence tests; many others are 
available (10, 11). Those given here are particularly 
specific, can be applied in student laboratories, and are 
superior to the usual color tests. 


SOURCE OF CHEMICALS AND APPARATUS 


Reagents 

2,2’-Dihydroxyazonaphthalene-4-sulfonic acid, zinc salt (Pract. ). 
Eastman P 6302. 100g. $2.50. 

1-Amino-4-hydroxyanthraquinone (Pract. ). 
100 g. $3. 

1,4-Dihydroxyanthraquinone (quinizarin). Eastman T 3054. 
100 g. $1.25. 

Benzoin. Eastman 302. 100g. $1.50. 

(Eastman Kodak Co., Rochester, N. Y.) 


Filters 


61/2 inch, red-purple, molded, square. Corning 5874. $5.00. 
(Corning Glass Co., Corning, N. Y.) 


Eastman P 6248. 
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Lamps 


1. Type to use in ordinary fluorescent balance- or desk-lamp 
fixture. 
6-in., 4-watt tube. 360 BL. $1. 
18-in., 15-watt tube. 360 BL. $0.87. 
(General Electric Co. or Sylvania Electric Co., 60 Bostoy 
St., Salem, Mass. ) 
Fixture, complete for 4-watt tubes. 
Lite Mite. $14.50. 
(Stocker & Yale, Dept. I. L., Marblehead, Mass.) 
Unassembled Blacklite System with 4-watt blue tube. 
Cat. No. TM 1392. $3.19. 
(Herbach and Rademan, 522 Market St., Philadelphia 6, 
Pa.) 
or 
Blacklite Kit. $3. 
(C. & H. Sales Co., 2176 E. Colorado St., Pasadena, 
Calif.) 
Mercury-vapor lamps 
(a) For wave lengths 3100-4000 A. 
Hanovia Inspectolite, EH4 lamp. S. C. 5041, 
$49.50. 
(Hanovia Mfg. Co., Newark 5, N. J.) 
or 


Mineralight, 
$59.50. 
(Ultraviolet Products, Inc., 145 Pasadena Ave, 
South Pasadena, Calif.) 
(b) For wave lengths at about 2537 A. 
Mineralight. Cat. No. 41. $54.50. 
(Ultraviolet Products, Inc.) 
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The following was brought to the Editor’s attention recently as a means of 
remembering the order of the rare earth elements. The symbols of the elements 


are italicized. 


Lancer prince needs 61 small European gods to be dyed wholly, early tomor- 
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CHEMISTRY’ 


Ir 1s generally accepted that effective instruction in 
chemistry involves more than the imparting of the con- 
tent of a text. While acquisition of knowledge of facts 
and principles is a major objective of chemistry in- 
struction, other important objectives should not be 
neglected. These include the ability to apply facts 
and principles to problems requiring abstract or critical 
thinking and the attainment of desirable attitudes, 
ideals, and interests. Laboratory instruction, in addi- 
tion to developing numerous manipulative skills, 
should also contribute to the acquisition of all of the ob- 
jectives referred to above. Where teaching is restricted 
to the imparting of knowledge and no serious effort is 
made toward the attainment of a broader range of ob- 
jectives, there is little justification for use of tests con- 
taining other than factual essay or objective exercises. 
It is the purpose of the author to offer suggestions which 
should prove useful to teachers of chemistry interested 
in the evaluation of a comprehensive range of objec- 
tives. 

Knowledge of facts and principles can be evaluated 
by means of either essay or objective exercises. It is 
more efficient, however, to measure the acquisition 
and retention of knowledge by means of the latter. 
Since many more objective exercises than essay ones can 
be answered in a given time, it is possible to secure much 
more representative sampling of knowledge by using 
objective exercises. Furthermore, because of the 
greater number of exercises and the objectivity of 
scoring, the reliability of the measurement is usually 
higher. When essay questions are used they should 
be confined to thought questions. They should not be 
too specific and detailed in character. An essay ques- 
tion which asks the chemistry student to describe the 
operation of a blast furnace with respect to: (a) the 
charge of limestone, coke, iron ore, and hot air; (6) 
the combustion of carbon to carbon dioxide, the re- 
duction of carbon dioxide to carbon monoxide, and the 
reduction of iron oxide by carbon monoxide to iron; 
and (c) the function of limestone as a flux or slagging 
agent, gives the student little freedom with respect to 
what to say and how to say it. A mere request to 
lescribe the operation of a blast furnace should stimu- 
ate not only recall of facts, but also discriminative 
hinking in the selection of facts and greater effort and 
originality in organizing them. 

It is often effective to use essay questions which ask 
he student to compare or contrast. For example, 


‘Based on a paper presented at the 118th Meeting of the 
American Chemical Society, Chicago, September, 1950. 
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“Compare respiration in the living cells of plants and 
animals with ordinary combustion” and ‘Contrast 
the formation of compounds by electron sharing with the 
formation of compounds by electron transfer.’’ Such 
questions are most likely to stimulate thinking on the 
part of the student, if instruction, though covering the 
things contrasted or compared, has not involved point 
by point comparisons, or contrasts. 

Sometimes it is possible to formulate essay questions 
which involve applications of general principles to 
situations or problems novel to the student. For ex- 
ample, suppose that a class has been taught the prin- 
ciple of the activity series of metals and that the 
more usual applications have been given. Then, at 
some later time, an essay test may include the question: 
“A photographic print contains fine grains of silver. 
Explain why immersion of such a print in gold chloride 
solution will result in a different appearance or tone.” 
Other possibilities for good essay questions of this 
type can be based on descriptions of experimental data. 
novel to the student, but having relations analogous to 
data with which he has had experience. Sometimes 
the data thus presented can be accompanied by in- 
ferences drawn from them which the student is asked to 
evaluate or to criticize. 

In addition to essay questions of the kinds referred to 
above it would seem appropriate to frame some which 
have to do with the place of chemistry in contemporary 
life. Such questions may be of great value in integrat- 
ing the teaching of chemistry with instruction in other 
fields. For example, “Compare the possible conse- 
quences of the introduction of atomic energy in indus- 
try with the consequences which resulted from the 
introduction of coal as a source of power” or ‘‘Discuss 
the contribution of the science of chemistry to the 
health of the community.” Questions asking for the 
interpretation of data novel to the student, or which 
are of the type referred to in this paragraph, not only 
provide the instructor with bases for judgments with 
respect to the thought patterns of the students, they 
also provide the instructor with opportunities to evalu- 
ate the acquisition of attitudes, ideals, and interests. 
Careful analysis of the responses of the students 
should provide answers to such questions as the follow- 
ing: To what extent is the student able to recall, select, 
and evaluate relevant facts? To what extent is the stu- 
dent able to organize his facts and to apply them to the 
situation represented by the question? To what ex- 

tent is the response of the student colored by biases or 
prejudices? To what extent does the student exhibit 
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critical judgment with respect to the facts he men- 
tions? Does the student tend to go beyond the facts, 
or is he overcautious in generalizing? What attitudes 
or values is the student acquiring? The responses of 
the students may be rated with respect to such char- 
acteristics and the ratings combined to yield scores on 
the essay test as a whole. More important, however, 
than using such testing as one means of determining 
course marks is to use it as a means of evaluating the 
attainment of important course objectives and as a 
basis for the better direction of the instruction to the 
individual students immediately concerned.? 

Before turning our attention to the writing of objec- 
tive exercises some reference should be made of the 
contribution essay examining can make to the proper 
education of science and engineering majors. Re- 
sponsibility for giving such students training in the 
writing of reports of research cannot wholly be left to 
English teachers. Such students need experiences 
in the locating of published information concerning 
scientific problems. They need practice in evaluating 
the relevance of such information. They need to ac- 
quire something of Darwin’s attitude toward data 
which disagree with a hypothesis tentatively held to be 
true. They need to acquire ideals with respect to the 
importance of accuracy in taking notes and in citation 
of sources. Finally, they need to acquire facility in 
organizing and summarizing what they have read. 
The providing of such experiences may be a means of 
enriching the curriculum for the superior student, of 
securing greater motivation through the challenge to 
his abilities, and of increasing his interests in the field of 
chemistry. 

- Facts, concepts, or understandings essential to effec- 
tive thinking in chemistry should form the basis for 
numerous objective exercises. Before writing an ex- 
ercise relevant to some fact, consideration should be 
given to the importance of the fact. Is it a fact that 
the student needs to know if he is to comprehend later 
instruction? Is it a fact necessary to the solution of 
some important problem? Does it enhance under- 
standing of some basic principle? After such facts or 
concepts have been identified, one or more types of ob- 
jective exercises may be written. Each series of ex- 
ercises, however, should consist of items of the same 
type to avoid confusion with respect to directions. 

If you feel that you must write true-false exercises, 
avoid writing broad generalizations which are all too 
obviously true or false. Avoid also the writing of long, 
involved statements containing qualifying phrases. 
Test-wise students realize that such statements are 
usually true. Furthermore, the truth or falsity of a 
true-false exercise should not depend on the meaning 
of some obscure word or minor detail. One means of 


2 For a more extended discussion of these points of view with 
respect to essay testing see: VeRNER M. Sims, “The essay 
examination is a projective technique,” Educational and Psycho- 
logical Measurement, 8, 15-31 (Spring, 1948). 
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improving true-false exercises is to use such categories 
as the following in the directions which precede the 
items: 


On the blank preceding each of the following sentences, write 
the letter 
A if the statement is true, and its truth is supported by the 
reason given. ; 


B if the statement is true, but its truth is not supported by (C) " 

the reason given. : f 

C if the statement itself is false. t 

(B) Barium is a more active element than caleium, because jt 

has a smaller atomic radius. t 

(A) Ionic compounds generally have higher melting points than I 
non-ionic compounds, because the ions are held together by 

strong electrostatic forces. 

(C) Caleium carbonate dissolves more rapidly in pure water 


than in water containing carbonic acid, because carbonate 
ions will cause the precipitation of calcium ions through 
formation of caleium carbonate. 
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Multiple-choice exercises containing four or five 
answers, one of which is correct, are a standard type of 
objective exercise. Such exercises may begin with a 
question, or the introductory part of the exercise may 
be the beginning of a sentence grammatically completed 
by each of the answers. In either case, the initial part 
should set the problem of the exercise. Do not begin 
such an exercise with, “The law of multiple proportions 
is. . .”’ and conclude with five long answers, one of 
which is the correct definition of this law. It is better 
to begin the exercise with a correct statement of the 
law and then use the names of several laws including the 
law of multiple proportions as one of the answers. 
Other precautions in the writing of multiple-choice ex- 
ercises include the formulation of none but reasonably 
plausible incorrect answers, the listing of answers in 
columns for easy reading where the answers are longer 
than single words or very brief phrases, and the avoid- 
ance of so phrasing the correct answers that they ar 
most often the longest answers. Below are given 4 
number of multiple-choice exercises: 


(D) The discovery most crucial to the development of the atom 
bomb was the discovery that 

A. isotopes of uranium exist. 

B. uranium is a radioactive element. 

C. the rate of disintegration of certain types of atoms 
is extremely rapid. 

D. slow moving neutrons can split atoms of uranium. 

E. isotopes can be produced by bombardment of atoms 
with alpha particles. 

(C) Gasoline, a mixture of hydrocarbons, burns to carbet 
dioxide and water. In order to maintain a dirigible, 0 
lighter than air, airship, at a constant weight, the pr 
cedure used is to condense water vapor present in the e& 
haust gases from the engines and allow the CO, to escape. 
However, only about 70 per cent of the water vapor need 
be condensed. Why? 

A. Water is denser than gasoline. 

B.  Dirigibles filled with helium are heavier than tho® 
filled with hydrogen. 

C. The water contains oxygen from the atmosphere. 

D. Gasoline is about 70 per cent carbon. 


(B) In balancing the equation Al(OH); + H.SO,— Al,(SOu)s 
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H.O small numbers need to be written before the formulas, 
although the number 1 is usually omitted. Supposing that 
it is not omitted in this case, the four numbers are 


B. 2,3, 1,6. 
C. 1,3,3,6. 
D. 2,3, 1,3. 
E. 3,2,1,3. 


Ten grams of KCIO; and 2 grams of MnO, are heated in a 
flask and the oxygen produced is weighed. Given 39 as 
the atomic weight of potassium, 35.5 as the atomic weight 
of chlorine, 16 as the atomic weight of oxygen, and 55 as 
the atomic weight of manganese, what weight of oxygen is 
produced? 

A. Almost 2 grams. 

B. Slightly more than 3 grams. 

C. Almost 4 grams. 

D. Slightly more than 4 grams. 

E. Approximately 5 grams. 


Certain comments may be made with respect to 
each of the above exercises. All of the answers to the 
first of the four exercises represent discoveries of im- 
portance to the development of the atom bomb. More 
than knowledge of facts is required in selecting “‘D’’ as 
the correct answer. The student must evaluate the 
significance of each of the discoveries. The second 
exercise represents the application of a presumably 
well-known principle to a novel problem. Its value in 
measuring skill in thinking would, of course, be lost if 
the instructor has described this means of maintaining 
the constant weight of a dirigible in discussing combus- 
tion. The third exercise suggests a device which 
should prove useful in testing objectively the ability 
of the students to balance equations. The fourth ex- 
ercise is a typical chemistry problem in objective form. 
Giving the answers as approximations may stimulate 
the student to compute the answer rather than to at- 
tempt to work back from more precisely stated an- 
swers. It is often effective in series of quantitative 
problem exercises to give as answer “‘E,’”’ “none of the 
above answers.’’ When this is done answers A, B, C, 
and D should not be approximate answers since the 
student can then argue that the exercise has two cor- 
rect answers. When the answer “none of the above 
answers”’ is used in a series of exercises, it should some- 
times be the correct answer. 

Many teachers have difficulty in writing the direc- 
tis which precede series of objective exercises. 
Such directions should be simple. In the case of multi- 
ple-choice exercises in which students are to record their 
answers on blanks preceding the exercises, the following 
statement should suffice. “On the blank preceding 
fach of the following exercises write the letter which 
designates the correct answer.” If a hand-scored an- 
swer sheet is used, the exercises throughout the test 
should be numbered consecutively. Then the above 
directions may be modified as follows: “After the num- 
ber on the answer sheet which corresponds to that of 
each of the following exercises, place a cross (X) in the 
one lettered square which designates the correct an- 
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swer.’’? In the case of machine-scored answer sheets 
instead of stating “place a cross (X).. .”’ say “blacken 
the one lettered space which designates the correct 
answer.” 

The testing of knowledge of the meanings of im- 
portant terms is often effectively accomplished by 
means of matching exercises. A series of definitions 
may be given accompanied by a list of the terms de- 
fined. Usually the number of terms listed should be 
greater than the number of definitions given. The 
definitions should concern terms likely to be confused 
by the student whose knowledge is inadequate and the 
extra terms should not be obviously out of place in the 
list. All terms may be listed in alphabetical order to 
aid the student and neither the list of definitions nor the 
list of terms should be too long. Twelve definitions 
and fifteen to eighteen terms are reasonable numbers. 
When hand-scoring or machine-scoring is used, groups 
of three definitions and five terms should be given, 
For example: 


(E) 187. The process in which electrons A. Hydrogenation 
are gained in the outermost 8B. Ionization 
orbit of the atoms of the ele- C. Neutralization 
ment. D. Oxidation 

(C) 188. The process in which the hy- E. Reduction 
drogen and hydroxy] ions in 
solution unite to form water, 
and the other ions unite to 
form a salt. 

(D) 189. The process in which electrons 


are lost from the outermost 
orbit of the atoms of the ele- 
ment. 


Each group of such exercises is set off by a horizontal 
line, and in each such group the terms are labeled from 
A to E. 


3 When an answer sheet is prepared for rapid hand-scoring 
in which answer sheet numbers are followed by lettered squares, 
for example, 


E 


scoring stencils can be made easily by preparing a keyed answer 
sheet and punching holes in the spaces which represent the correct 
answers. An IBM punch is the most convenient device to use, 
since it will reach anywhere into an 81/2 X 1l-in. page. The 
preparation of exercises for hand-scored answer sheets is an 
effective means of developing test materials which will later 
prove well adapted to machine-scoring. A final suggestion or 
two may be made with respect to the hand-scored answer sheet, 
The letters A, B, C, D, and E need not appear above each group 
of five squares. It is sufficient that they appear at the top of 
each column. Provide labeled blanks at the top of the sheet for 
name, course, and date. An attractive hand-scored answer 
sheet may be typewritten on good bond paper whose dimensions 
are 10 X 13 in., the squares may be drawn in India ink using a 
ruling pen, and the manuscript reproduced in quantity by 
planographing or lithoprinting. In printing, the sheet is reduced 
to 8'/. X 11 in. Such a sheet may contain groups of squares 
numbered from 1 to 150. 

In the case of true-false exercises, the students should record 
their answers in lettered spaces A and B. 
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A grem of ice at -10°C. is heated to steam at 150°C. The heat is supplied at a uniform 
rate of one calorie per second. The graph below shows the relationship between temper- 


ature and time during the course of this experiment. 


After each exercise number on the 


answer sheet, blacken the one lettered space indicating the part of the graph to which 
the item correctly refers. (The specific heats of ice and of steam are .53 and .47 


Both ice and water are present. 


Approximately 23 calories of heat are absorbed. 


Both water and steam are present. 


Along this line each calorie of heat absorbed changes the temperature one degree. 


Figure 1 


When the students record their answers in the test 
booklet, precede the series of exercises by the state- 
ment: “On the blank preceding each of the following 
items, write the letter which designates the term at the 
right to which the item correctly refers.’ In the case 
of hand-scored answer sheets say, ‘‘After the number on 
the answer sheet which corresponds to that of each of 
the following items, place a cross (X) in the one lettered 
space which designates the term at the right to which 
the item correctly refers.’ In the case of machine- 
scored answer sheets substitute the phrase ‘‘blacken the 
one lettered space.”’ 

A very useful general type of objective exercise in- 
volves the classification of items according to a limited 
number of categories. When answer sheets are used 
the number of categories should not exceed five, and, 
in any case, five categories are about all a student 
should be expected to keep in mind. The categories 
may pertain to related, but different things. There 
should be one or more items to be classified according 
to each category. As in the case of multiple-choice 
exercises and matching exercises, if relationships exist 
between the various answers or items more is evaluated 
than sheer memory of information. The student is 
required to do discriminative thinking in selecting the 
correct answers. Examples of several different types 
are given below. 


After the number on the answer sheet which corresponds to 
that of each of the following paired items, blacken space 
A if the item at the left is greater than the item at the right. 
B if the item at the right is greater than the item at the left. 
C if the two items are of equal magnitude. 


(C) 110. Number of electron 
gained at the anode d 
the same cell. 

The tendency of wt 
saturated hydrocarbon 
to react with bromine. 
The tendency of alum: 
num to form covaleti 
compounds. 


Number electrons 
lost at the cathode in a 
voltaic cell. 


The tendency of satu- 
rated hydrocarbons to 
react with bromine. 
The tendency of carbon 
to form covalent com- 
pounds. 


(A) 112. 


After the number on the answer sheet corresponding to thé 
of each of the following paired items, blacken space 
A if the two things referred to tend to increase together, 
to decrease together. 
B if, while one of the two things tends to increase, the othe 
tends to decrease. 
C if one of the two things tends to remain constant whik 
the other increases or decreases. 
(A) 185. The number of carbon atoms in an organic compound 
The number of isomers of the organic compound. 
The number of molecules of a gas in a given C0! 
tainer at 760 mm. and 0°C. 
The molecular weight of the gas. 


The mass of a gaseous ion of a given charge. ' 
The bending of the path of the ion in a magnetic fie" 


(C) 186. 


(B) 187. 
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table are labeled A, B, C, D, and E. 


statement correctly refers. 
est parts of areas B, C, and D.) 


The following diagram represents, in skeleton form, the periodic table. 
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Certain areas of the 


After the number on the answer sheet corresponding to that 
of each statement, blacken the one lettered space indicating the area in the table to which the 
(Area E extends across the bottom of the table overlapping the low- 


(4) 204. 
electrons. 


(E) 205. 
(B) 206. 


(C) 207. 


electron sharing. 


ponds to 
e 
the right. 
t the left. 


After each item number on the answer sheet, blacken space 
A if the item refers to the electron. 

B if the item refers to the alpha particle. 

C if the item refers to the deuteron. 

D if the item refers to the positron. 

E if the item refers to the proton. 

(E) 154. Has unit mass and unit positive charge. 

(B) 155. Has a mass of four and a charge of plus two. 
(A) 156. Is sometimes called a beta particle. 

(C) 157. Is the nucleus of the heavy hydrogen atom. 
(D) 158. Has a mass of approximately '/,s50 that of the hydro- 
gen atom and unit positive charge. 

Has a mass of approximately !/,s50 that of the hydro- 
gen atom and unit negative charge. 


electron 
anode of 
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covalent 


(A) 159. 


ig to thi After each item number on the answer sheet, blacken space 
A if the item is true of metals. 
B if the item is true of nonmetals. 


C if the item is true of both. 


gether, 0 


the othe D if the item is true of neither. 
ant whl C) 146. Combine chemically by gaining or losing electrons. 
A) 147. Their oxides form alkaline solutions when dissolved 

in water. 

ompouniB) 148. Many are gases or have low melting solids. 

yound. MD) 149. Are chemically inert and form no compounds. 

riven CoD B) 150. They combine readily with elements of Group I of 
the periodic table. 

. The directions given above pertain to machine- 

netic fiedgeo'ed answer sbeets. In the case of hand-scored 


swer sheets substitute the phrase “place a cross (X) 


The elements near the top of this area are the strongest oxidizing agents. 
The outer shells of the atoms of these elements, with one exception, always contain eight 


Figure 2 


In this area one finds most of the naturally occurring radioactive elements. 
The elements near the bottom of this area are the strongest reducing agents. 


The formation of compounds by elements near the top of this area is characterized by 


in lettered space” for the phrase “blacken space.” 
It should be evident to the reader that there are numer- 
ous possibilities in the field of chemistry for various 
types of classification exercises. The categories of the 
first example could be used for a vast number of paired 
comparisons. The categories of the second example 
could be used to test knowledge of numerous cause and 
effect relationships. (It is usually best to give the cause 
first when writing each pair.) The five categories of 
the third example could pertain to five typical organic 
compounds represented by their structural formulas. 
The categories of the fourth example could pertain to 
‘fonic compounds,” “non-ionic compounds,” ‘‘both,” 
and “neither.” When writing classification ex- 
ercises of the types described, be sure that there is at 
least one item for each category and that there are more 
items than categories. 

Multiple-choice exercises may refer to various parts 
of a diagram. When the number of parts is no greater 
than five and these are labeled from A to E, items may 
be classified in terms of these labels. Two examples 
are given (Figures 1 and 2). 

The following directions are useful in writing classifi- 
cation exercises which pertain to quoted material (a 
paragraph or two, or even a graph). Such exercises 
are particularly valuable in the evaluation of the 
ability of students to interpret data. 


(D) 203. 
an 
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Making your judgments only in terms of the information 
given above, classify each of the following items by blackening 
space 
. A if the item is definitely true. 

B if the item is probably true. 

C if the item is definitely false. 

D if the item is probably false. 

E if the information given is not sufficient to indicate any 
degree of truth or falsity in the item. 

Probably-true statements are justifiable interpola- 
tions, extrapolations, or predictions from the informa- 
tion or data given. They may represent legitimate 
generalizations from information describing a sample 
or deductions with respect to a sample where the in- 
formation pertains to things in general. Probably- 
false statements are unjustifiable interpolations, ex- 
trapolations, predictions, or generalizations. 

Such exercises may be scored not only to determine 
the general accuracy of the students in interpreting 
data, but also to identify students who have tendencies 
to be overcautious, to go beyond the data, or to make 
crude errors of judgment. 

Exercises of this type are very appropriate in achieve- 
ment tests. Since the facts needed in thinking are 
presented in the quoted material, it seems legitimate to 
attribute differences in the scores of the students to 
differences in their ability to think in the subject- 
matter field. Where the quoted material is novel, or 
is on a level above that encountered in the course, the 
scores may be useful as predictions of future success in 
the field. 


In concluding this discussion of various types of ob- 
jective exercises, the importance of careful evaluation 
and editing of exercises prior to use should be stressed. 
After exercises have been written they should be care- 
fully checked for accuracy of phraseology and correct- 


ness of the key. It is very desirable to have other 
teachers of the subject evaluate the exercises with re- 
spect to fairness, freedom from ambiguities, and elim- 
ination of the too obviously incorrect answers. It is 
also an excellent practice to have other teachers at- 
tempt to key the exercises. When teachers respond 
differently to an exercise, faults may be identified of 
which the writer of the exercise was unaware. After 
an objective test has been given, item analysis is a pro- 
cedure useful both in evaluation of the attainment of 
objectives and in identifying exercises which need im- 
provement before being used again, or which should be 
eliminated. A simple type of such analysis has been 
described by the author‘ and a more complex, but more 
adequate, type by Davis.° 

In discussing essay exercises mention was made of 
the possibility of reading student responses to gain 
insight with respect to attitudes and values. The 
author knows of no effort in the field of chemistry to 


4 EnceLnart, Max D., teachers can improve their 
tests,” Educational and Psychological Measurement, 4, 109-24 
(1944). 

5 Davis, FrepericK B., “Item Analysis Data, Their Com- 
putation, Interpretation, and Use in Test Construction,” Har- 
vard Education Papers Number 2, Harvard Graduate School of 
Education, Cambridge, Massachusetts, 1946. (42 pp.) 
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use objective instruments for this purpose. In the 
social studies, attitudes have been evaluated by scale 
which include series of statements to be marked by the 
student: “A”’ if the student agrees, “D”’ if he disagrees 
and ‘“‘U”’ if he is uncertain. (A, B, and C can be used 
with a standard answer sheet.) Three such statements 
are given below from the “Scale of Beliefs”’ of the Eight. 
Year Study of the Progressive Education Association‘: 


Complete freedom of speech should be given to all groups and 
all individuals regardless of how radical their political views are 
Public regulation of business and industry is necessary in order tp 
protect the general public. 

Strict immigration laws should be passed so as to keep Americ 
for Americans only. 


The scale yields a ‘“‘liberal’’ score, a “‘conservative’ 
score, and an “uncertainty” score for the scale as, 
whole. One can also obtain similar scores for the 
groups of items relevant to “democracy,” “‘economie 
relationships,” “labor and unemployment,” “national. 
ism,” ‘‘race,”’ and ‘‘militarism.” The magnitude of the 
uncertainty score is an index of strength of convictions 
In a more recent scale, two types of uncertainty score 
were obtained—‘warranted” uncertainty and “wu. 
warranted” uncertainty. In addition to obtaining the 
scores referred to above it is valuable to secure counts 
for each item of the numbers or per cent of students 
who agree, who disagree, and who are uncertain. Such 
analyses of the responses to attitude scales given at the 
beginning and end of a course can be very useful in 
evaluating what changes in attitudes and beliefs have 
resulted from instruction. The scores or analyses should 
not be factors in determining course marks if students 
are to feel free to give honest answers. Possibly, 
someone will be interested in constructing a similar at- 
titude scale in chemistry. 

Another means of evaluating attitudes is by means 
rating scales. For example, suppose that sever 
attitudes have been defined and that the instructor 
wishes to rate his students with respect to them at 
cording to a five-point scale. Suppose further that 
one of the attitudes is “scientific attitude,” then the 
scale dealing with this attitude may be as follows: 


Is eager to obtain new ideas or to formulate hypothe- 
ses, but invariably suspends judgment with respect to 
them until evidence has been obtained and evaluated. 
Is receptive to new ideas or hypotheses and shows 
willingness to suspend judgment on numerous occa- 
sions, but is sometimes reluctant to seek necessary 
data or consider alternative hypotheses. 

Is passive with respect to new ideas or hypotheses and 
shows only occasional willingness to suspend judg- 
ment or to seek necessary data. 

Preconceived ideas and prejudices usually preclude 
acceptance of new ideas or hypotheses even when 
evidence adequate to support them is provided. 
Always clings to his own ideas and is actively intol- 
erant toward evidence disproving them, or which : 
adequately supports opposing ideas or hypotheses. 1 point 


6 SmirH, Evcene R., Raven W. Tyuer, and the Evaluatiol 
Staff, “Appraising and Recording Student Progress,’ 
and Bros., New York, 1942, p. 550. iat 
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Ratings by means of such scales’ are, of course, sub- 
jective, but they are not as subjective as judgments 
unaided by such devices. The defining of various levels 
of the possession of such traits promotes consistency 
in the judgments made from one student to another. 
Where the scale pertains to several different attitudes 
or other traits, there is greater control of the “halo” 
eflect. Judgment with respect to one trait is less 
likely to prejudice judgment with respect to other 
characteristics of the same individual. In addition to 
the rating of attitudes this type of evaluation might 
well be extended to the measurement of laboratory 
skills. For a given skill one could write five definitions 
representing varying levels of the possession of the 
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7A number of similar scales are reported in E. R. Smrrua, 
R. W. Tyier, and the Evaluation staff, op. cit., pp. 477-82. 
The scale given is a modification by the writer of their rating 
seale for “open-mindedness.”’ 
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given skill. These definitions should pertain to 
readily observable characteristics of behavior, or prod- 
ucts of behavior, for example, characteristics of the 
apparatus set up by a student for the performance of a 
given experiment or limits of accuracy in analyzing some 
unknown in quantitative analysis. 

The author has made a number of suggestions with 
respect to evaluation of the attainment of a variety of 
objectives. In concluding this discussion of testing in 
the field of chemistry it should be emphasized that im- 
provement of instruction and improvement of evalua- 
tion have a reciprocal relationship, each depending 
upon the other. Given adequate definition of objec- 
tives and instruction guided by them, adequate evalua- 
tion is facilitated. Given effort to improve evaluation 
as suggested above leads to further improvement of 
instruction, since teachers may thus obtain data valu- 
able in the more adequate direction of instruction. 
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IT’S YOUR DIVISION 


Hunpreps of movies on chemical subjects are now 
available for showing to classes at minimal expense to 
the exhibitor. Many of these have been listed in the 
publication, “‘Films on Chemical Subjects’”’ put out by 
the National Office of the American Chemical Society. 
Yet it is the universal opinion that the vast majority of 
these films leaves a great deal to be desired when used 
for classroom purposes. For one thing, the exhibitor 
does not know until he views the film just what its con- 
tents are. He is, therefore, hesitant to send for too 
many new films. A large step in the direction of 
overcoming this handicap is being taken by Professors 
Sanderson and Wistar [J. Cuem. Epuc., 27, 488 (1950) J. 
They are preparing a series of descriptions of some of the 
more popular films so that it will be possible for those 
unfamiliar with the films to order what they wish to 
see with more selectivity. 

The common objection still remains that most films 
Were not designed for class use. They are too long. 
They contain too much extraneous material. They 
leave out certain items which would very greatly in- 
crease their worth for school use. As a step in helping 
‘0 solve this problem the Executive Committee of the 
Division of Chemical Education has suggested that a 
committee be set up to edit these films in cooperation 
with their producers with particular emphasis on the 
ultimate utilization of the films in the teaching of 
chemistry. The initial step would be to approach pro- 
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DIVISION OF CHEMICAL EDUCATION 
of the American Chemical Society 


ducers of films which are already quite good and well 
accepted and which would require a minimum of 
change to maximize their benefit to the student. Such 
edited films would then be listed with a complete de- 
scription. The ultimate goal would be to have a rather 
wide selection of films all of which had been particu- 
larly aimed at the chemistry student. The intent is 
to keep the movies under 15 minutes in length in order 
to make it easier to show as many of them as possible. 

It has been further suggested that as each of the 
films is edited it be given a showing at the national 
meetings of the Division and be given adequate ad- 
vertisement in Tais JouRNAL so that teachers will be 
familiar with its contents and worth. 

Several excellent movies have already been sug- 
gested as ones with which the program might well 
commence but further suggestions would be welcomed 
as well as comments on the potentialities of the pro- 
gram and methods of making it most productive of 
useful films. Your contributions are actively solicited 
and should be sent to the Chairman of the Division of 
Chemical Education, Department of Chemistry, Ober- 
lin College, Oberlin, Ohio. 


For maximum success the program needs as broad a 
base as possible of active participants. Let’s hear from 
you. 


J. A. CAMPBELL, Chairman 
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AN ISOTHERMAL BALANCE CHAMBER 


Moainrenance of an analytical balance at constant 
temperature for extended periods of time is a problem 
rather frequently encountered. An isothermal balance 
can be obtained by mounting the instrument in one of 
the commercially available incubators; however, this is 
not always practicable for either structural or economic 
reasons. The former difficulties arise from the consid- 
eration that extensions must be fitted to the balance 
controls, to permit weighing operations without dis- 
turbing the thermal condition. Precise temperature 
control of the balance proper is frequently avoided by 
the use of a torsion balance external to the chamber con- 
taining the weighed sample; however, this technique is 
not always desirable. The photographs show an inex- 
pensive, readily constructed chamber suitable for main- 
taining a balance at a temperature within 5° to 10°C. 
of room temperature, with a tolerance of +0.1°C. 

The chamber is essentially a double-walled box con- 
structed of scrap lumber or crating. The larger cracks 


‘Present address: American Cyanamid Company, Calco 
Chemical Division, Piney River, Virginia. 
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Open Chamber Showing Details of Construction 


were filled with a plastic roof coating, and the wood was 
then sealed with a liquid asphalt roof coating applied to 
the surfaces facing the intrawall space. Blocks wer 
inserted between the walls at points where holes were t# 
be drilled, and the intrawall space filled with a com 
mercial “pouring” insulation. Gray porch paint wa 
used on the external surfaces of the chamber illustrated 
The interior was tarred; but this did not prove ver 
satisfactory, so black paint was substituted in a second, 
larger box of the same type. Several thicknesses 0 
woolen cloth were tacked to the front edge to serve # 
padding between box and door. 

Windows were provided in the door for observati 
of the beam, vernier, and pointer scale of the Ainswort! 
LCB balance used. This type of balance was chose 
from those at hand because all chain readings are mate 
at one place. Windows were double-walled and of glas 
or celluloid. The door was hinged at the top so that 
extensions to the pan- and beam-arrest controls did no 
have to be removed to open or close the chamber. Si 
6-volt d.-c. bulbs in parallel were mounted symmett 
cally near the interior front and bottom edges of the bog 
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to provide the light necessary for weighing observations. 
They were shut off when not needed; leaving them on 
for prolonged periods caused an increase in temperature. 

Temperature control was obtained by cycling water 
from a constant-temperature bath through about 200 
feet of '/s-inch soft copper tubing nailed to the interior 
walls of the insulated chamber. That on the inside of 
the door was joined to the rest by rubber tubing. Ex- 
ternal tubing was wrapped with asbestos cord. To 
avoid the formation of vapor locks during the initial 
filling, one end of the tubing was attached to an aspira- 
tor and the other to the tap. After partial evacuation, 


the tap was opened. Thereafter, no circulation diffi- 
culties were experienced with good laboratory centrifu- 
gal pumps. 

Extensions for the chain-weighing device and rider 
arm were brass rods of appropriate size attached with 
set-screw collars. The beam-arrest extension was a 
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brass tube welded toacollar which fitted over the original 
knob and was fixed in place with set screws. A rod ran 
through it and was screwed to the threaded shaft from 
the pan-arrest control. The original wheel or knob was 
then affixed to each rod. 

To permit opening of the balance case without its 
removal from the isothermal chamber, the glass door 
was replaced by one of celluloid. This could be rolled 
back over the top of the case. The balance was leveled 
with the aid of a small mirror. For our purposes it 
was desirable to desiccate the balance case. In order 
to do so efficiently, the door was sealed to the case with 
a plastic calking cord which was easily applied and re- 
moved. 

A larger chamber of similar construction was fitted 
with removable shelves. It served very satisfactorily 
as a desiccator box for the storage of samples being 
dried to constant composition in various hygrostats. 


JOHAN ARVID HEDVALL 


§ Corpora non aguni nisi fluida, a dictum that prob- 


ably came down from Aristotle, was generally accepted 
until well into the twentieth century. It has now been 
disproved, and especially by J. Arvid Hedvall. This 
eminent chemist was born at Skara, Sweden, on Janu- 
ary 18, 1888. His training was received primarily at the 
University of Upsala, where he was assistant in meteor- 
ology (1909-1912) and then in chemistry (1912-1915). 
After a period of further study at Géttingen (1916) he 
carried on industrial research (catalysis) at the metal- 
lurgical works at Falun. From 1918 to 1927, he was 
lecturer at the Technical High School in Orebro, and 
from 1927 to 1946 he was professor of chemical tech- 
nology at Chalmers University of Technology in Géte- 
borg. Since 1946 Dr. Hedvall has been director of the 
Swedish Research Institute for Silica Chemistry, which 
was erected for him at Géteborg by the state in co- 
operation with the industries. 

He was the first to demonstrate the fallacy of the 
Aristotelian declaration, and proved the possibility of 
reactions between solids in general. The start of this 
important advance is found in his doctoral thesis 
(1915): “On the reaction products between cobalt 
oxides and other metal oxides.’’ In conjunction with 
about 150 collaborators in all he has since made sys- 
tematic investigations of the reactivity of solids and its 
dependence on various factors, such as transition states, 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


magnetism, electrical polarization, and _ irradiation. 
These influences, whose existence was established for 
the first time in most cases, have widened and deepened 
the scope of magneto-, electro-, photo-, and phono- 
chemistry. 

A new area, known as mineralography, was thus 
founded and worked out, with concurrent enrichment 
of the older metallography. The findings have been 
applied to all sorts of technical processes involving 
solid substances, especially many branches of silica 
chemistry, metallurgy, and industries employing cata- 
lysts. The restoration of museum specimens, cultural 
monuments, and buildings has profited from this re- 
search. The great effect exerted by dissolved gases on 
the reactivity of all sorts of solid solvents (known pre- 
viously only for metals) has been demonstrated and its 
importance thus emphasized. An excellent compilation 
and discussion of this new knowledge is given in Hed- 
vall’s book, ‘‘Reaktionsfihigkeit fester Stoffe’”’ (Leip- 
zig, 1938; reprinted, Ann Arbor, 1943). 

Professor Hedvall holds membership in various 
academies of science, and has received honorary de- 
grees. He has lectured by invitation in most European 
countries, Turkey, Palestine, and the United States. 
He hoids the Bjérken Prize (Upsala); the Géteborg 
Medal for Civil Merits; the Gauss Medal of the 
Brunswick Society of Science. 
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Ixcreasep interest in chemistry, medicine, atomic 
energy, and scientific research generally, has brought 
to the front the significant role of science in our civiliza- 
tion. Just what importance the role of science, particu- 
larly chemistry, should assume in the educational pro- 
gram is causing educators much concern. Specialized 
training is usually obtained through advanced study 
and research. Just how much of this should be given 
in a liberal education is a controversial subject. 

Of those entering the profession of chemistry each 
year, about eight per cent have the doctor’s degree, 
and another eight to ten per cent the master’s; the 
significant fact, however, is that about 80 per cent enter 
with only the bachelor’s degree.2 This would indicate 
that for the great majority of chemists, training for the 
profession is the responsibility of undergraduate educa- 
tion. How much, if any, research or independent study 
should be included in this education? 

The author was interested in finding out what per- 
centage of colleges and universities offer a course in 
undergraduate research and accordingly sent a ques- 
tionnaire to 110 institutions of all types: small colleges 
and large universities, liberal-arts colleges and technical 
schools, etc. The selection of institutions geographi- 
cally and educationally was such that it was felt that the 
reactions obtained would present a fairly representative 
picture of the attitude toward undergraduate research. 
The major questions asked were: 


1. Is an undergraduate research program offered? 

2. Is your attitude toward undergraduate research 
favorable or unfavorable, and why? 

3. What requirements do you consider necessary for 
adequate undergraduate research? 

4. What benefits to the student and institution re- 
sult from such a program? 


Out of 86 replies, 68 favored undergraduate research 
in the curriculum, 12 did not, with 6 undecided. Sixty- 
three offered such a program, while 23 did not. Of the 
latter group, 7 favored such a course, however. Of 
those offering undergraduate research, three were un- 
decided as to its suitability. Many had modified the 
courses originally offered. Eleven of the research 
courses were required, the rest optional. Forty-one 
were reported as being limited to senior students, while 
eight were also open to juniors. The general attitude 
is shown to be five to one in favor of undergraduate re- 
search in the curriculum. In the majority of cases, no 
significant difference could be seen between different 


1 Presented at the 118th Meeting of the American Chemical 
Society, Chicago, September, 1950. 
2? Warner, J. C., Chem. Eng. News, 23, 2584 (1950). 


UNDERGRADUATE RESEARCH’ 


Cc. F. BROWN 
Bethany College, Bethany, West Virginia 


types of institutions; however, several required a senior 
thesis before graduation. 

There has been a great deal of discussion regarding 
the place of science in liberal-arts education,* and an 
ever-increasing demand that students in college be 
broadly educated, leaving little time for specialization, 
However, when the four-year student enters industry 
to earn a living he soon finds that the jack-of-all-trades 
graduate is very likely to become tied to the bench be- 
cause he has had little of this specialized training. In 
this scientific age it seems that the student must be 
both liberally educated and specialized if he is to con- 
pete with students having graduate degrees or technical- 
school training. 

The American Chemical Society has attempted 
through the Committee on Professional Training to set 
up criteria for the “balanced” education of a chemist. 
Courses in liberal arts are listed along with the basic 
courses in chemistry and some degree of specialization. 
This specialization is usually in the form of an advanced 
course, or courses, in one of the major branches of chem- 
istry; however, some members of the Committee feel 
that a program of research is indispensable to a small 
college but should not replace work in the basic year 
courses required by the A. C, 8S. Minimum Standards, 
such as organic and physical chemistry. This is con- 
curred in by those institutions offering undergraduate 
research. 

The chief objection to undergraduate research found 
in this survey was that so much time has to be spent in 
teaching basic principles, that there is no time left {or 
attention to undergraduate research. This objection 
was met with the question, “(How is an instructor to 
judge whether or not a student has grasped the basic 
principles?” The simple fact that information is fur- 
neled down a student and he can parrot this information 
back is no assurance that he understands what he is 
doing. 

The majority of the institutions favoring some form 
of independent study feel that a student who has shown 
sufficient interest and grasp of fundamentals should be 
given the opportunity for independent work. Some 
times students who are just average in class work will 
show unusual talent when started on an independent 
project. 

However, care must be taken in the selection of the 
extent or scope of the problem. It should be of such4 
nature that the student gets a taste of the difficulties of 
research, but at the same time accomplishes enough to 
gain a feeling of achievement and a realization of the 

3 Fow es, G., J. Cuem. Epuc., 26, 576 (1949); C. B. Horo, 
ibid., 21, 81 (1944). 
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nature and philosophy of research, If the problem is 
too difficult frustration and disillusionment may result, 
which may subsequently be overcome only with much 
effort. A “moderate” problem is the ideal, but if an 
error is made it should be in the direction of the simple 
rather than the difficult. 

Originality, enthusiasm, and perseverance were con- 
sidered to be more essential than facilities and equip- 
ment. Lavoisier, Faraday, and other pioneers in sci- 
ence were not discouraged in their efforts because they 
lacked a convenient source of facilities and supplies; 
they contrived suitable means for accomplishing their 
purposes. There is of course a limit of facilities below 
which work is not possible, but the average laboratory 
in a school qualified to grant an A.B. or B.S. degree is 
well enough equipped for a surprising amount of original 
work if there is the necessary will and initiative. 


INFORMATION 


A ruin page ad in the recent McGraw-Hill publica- 
tions states ““Here’s why it pays you to read the ad- 
vertising. The advertising is a rich source of valuable 
information—leaders in business and industry turn to 
the advertising because they’ve discovered it helps 
them run their business more profitably—when you 
read all the ads in this magazine the chances are good 
that you’ll get a lead that will materially help you doa 
better job.” 

The American Chemical Society’s journal of Jn- 
dustrial & Engineering Chemistry began in September, 
1950, issuing “I & EC Fact Cards” advertising in terms 
of physical and chemical information on 5- X 7-in. 
cards that could be filed for future reference. This is 
but another example of the solicitude that the public 
relations and advertising departments have for users 
of chemicals. 

This is the third of a series in Ta1s JouRNAL—the 
Previous articles were in September, 1944, and April, 
1948. Here are listed more recent pamphlets and 
brochures dealing with various chemical problems. 

_ We have all found there are many problems in chem- 
istry and also in chemistry teaching that are difficult 
to solve or to answer—and some concerning which it is 


INDUSTRIAL ADVERTISING AS A SOURCE OF 


Many of the contributors felt that not only did the 
student derive benefit but that such a program was 
vital to the existence of the smaller institution, particu- 
larly those not giving graduate work. The reason 
most commonly given was that some form of research 
is necessary to keep up the self-respect of the instructor. 
If he is not able to engage in some constructive and 
creative enterprise, however small, he soon becomes 
lethargic, indifferent, or frustrated, which condition 
results in lowered morale and indifferent instruction. 
Students educated under such conditions are usually 
not suitably trained to compete with students coming 
from the more progressive institutions, and the results 
inevitably lead to reduced enrollment in the less pro- 
grecsive school. This situation was cited as one to 
which many college administrations should give serious 
consideration. 


W. G. KESSEL 
Indiana State Teachers College, Terre Haute, Indiana 


very difficult to get much information. The advertis- 
ing and public relations departments have done much 
to give in their published works, accurate, specific 
information on their particular products. 

For example, if you want a neat, concise summary 
of the history of chemistry there is nothing that even 
approximates the excellence of Mallinckrodt’s “An Out- 
line of the History of Chemistry.” If you want some 
specific information on the storage battery, try ‘““How 
a Storage Battery Works” and “The Storage Battery, 
Its Fundamentals, Use and Maintainence” by the 
Electric Storage Battery Company. A storehouse of 
facts in a pamphlet on “Ammonia” is available from 
Commercial Solvents Corporation. Are you interested 
in glycerin? The Glycerine Producers Association has 
available “Why Glycerine?,” ‘Why Glycerine in 
Textiles?,” “Why Glycerine in Drugs & Cosmetics?,” 
“Why Glycerine in Foods?” Do you want some in- 
formation on Methionine? Dow Chemical Company 
has an excellent pamphlet on that topic. 

The following list of available information should 
make it easier to solve some problems as a result of 
specific, accurate, first-hand information from the 
chemical industries themselves. 


t 


NH; Its Uses and Prop- 
erties 


Allegheny Metal in Chemi- 
cal Processing 


Graphic Baking Powder 
Chart (J. R. Chittick) 
Leavening Agents 


The Miracle of Calcium 
Carbide 


A Chart of Industrial Uses 
of Dry Ice & CO, 


The History of Copper 
and Brass 


Liquid Chlorine #7 
Chlorine Bleach Solutions 
#14 


The Chlorine Handbook 


The Halogen Fluorides 


Liquid Glass and Solid 


Solutions(from J. CHEM. 


Epuc., 19, 239 (1942)) 
The Romance of Glass 


DuraglasCenter( Research 
in Glass ) 


The Art of Making Fine 
Glassware 


An Outline of the History 
of Chemistry 


Metal Hydrides 


Hydrofluoric Acid Anhy- 
drous 


Todine 


Iodine 


Lithium in Modern In- 
dustry (Foote Prints, 21, 
No. 2, 1950) 


Properties of Magnesium 
Products 


INORGANIC 


Commercial Solvents Corp. 
17 E. 42nd Street 
New York 17, New York 


Allegheny-Ludlum Steel Corp. 
Brackenridge, Pennsylvania 


Jaques Manufacturing Co. 
111 West Jackson Blvd. 
Chicago 4, Illinois 


National Carbide Corp. 
Air Reduction Co. 

60 East 42nd Street 
New York 17, New York 


Liquid Carbonic Corp. 
3100 South Kedzie Avenue 
Chicago 23, Illinois 


American Brass Co. 
Advertising Department 
25 Broadway 

New York 4, New York 
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A CLOCK REACTION 


M. G. SURYARAMAN and 
ARCOT VISWANATHAN 
Madras Christian College, Tambaram, South India 


well-known, spectac- a) @) (@)|@) ©) |@ (| G0) 
ular “clock reactions,” for able bln = als 6 
the Landolt reaction (1,3,6, iron solution, ‘ 

a ml. 40 20 0 30 50 0 | 20 10 0 50 70 50 
7) in which iodic and sulfu Nal retardant, ml. 0 10 20 
rous acids interact in the C2H,OH accelera- 
presence of starch, and the tor,ml. 0 0 2 
Forbes’ reaction (5, 13, 9) in Iodine _ solution, 

ml. 1 1 1 1 1 1 1 1 1 1 1 
which arsenious oxide in Decolorization time, 
strong hydrochloric acid re- sec. 35 24 19 | 28 417 #14] 32 61 92/ 18 14 7 


acts with saturated thiosul- 
fate. The sudden appearance of iodo-starch blue in the 
one case, and of a yellow colloid in the other, occur after 
an induction period which is lengthened by dilution of 
the reactants in conformity with the Mass Action law. 
Also, the induction period for the Landolt reaction is 
lengthened by addition of ethyl alcohol (2) and other 
inhibitors, and by increase in pH (10). 

A third clock reaction is as follows. Ferrous ions in 
an alkaline solution of a tartrate form a soluble chelate 
complex (compare copper in Fehling’s solution (4)), 
which reacts sluggishly with iodine: 


I, + H.O + 2Fe (II) tartrate complex ~ 
2Fe (III) tartrate complex + 2HI 


MATERIALS 


Water. Since the chelate complex is oxidized by air 
(8), distilled water used in the experiment must be 
boiled free of dissolved air; also, the solutions must be 
stored in well-stoppered bottles. 

Tron Solution. Dilute to 1 liter a mixture of 3.77 g. 
of Rochelle salt (KNaC,H,O0,;.4H,O), 4.48 g. of sodium 
bicarbonate, 33.3 ml. of ferrous sulfate solution (55.6 g. 
FeSO,.7H,0 per liter of solution), and 47 ml. of a 1 
per cent solution of starch. 

Iodine Solution. 12.7 g. of iodine plus 25 g. of sodium 
iodide in a liter of water. 
Sodium Iodide Solution. 
Ethyl Alcohol. 


EXPERIMENTAL 


The table shows the volumes of the above solutions 
which were mixed simultaneously at 29 to 32° C., and 
the times required for the blue color to disappear. 

In experiments 1 to 3 the concentration of iodine is 
held constant, and the induction period shortens with 
increasing concentration of the ferrous complex; this 
is the same mass law behavior as in the Landolt and 
Forbes reactions. However, experiments 4 to 6 show 
that if the concentrations of both iodine and the ferrous 


15 g. in a liter of solution. 
95 per cent solution. 


complex are simultaneously increased, the induction 
period lengthens (the reaction rate decreases); appar 
ently upon increasing the concentrations the accelerat- 
ing action of the ferrous complex is less favored than is 
the retarding action of NaI; and I~ (the solution forms 
Nal; from NaI + I,). 

Experiments 7 to 9 show that Nal retards reaction, 
lengthening the induction period. Experiments 11 and 
12 show that ethyl alcohol accelerates reaction, shorten- 
ing the induction period, while 10 and 11 are identical 
to 5 and 6. 

Separate experiments showed that with pure iodine 
in alcohol, NaI being excluded, decolorization was 
tically instantaneous even though a little iodide is 
formed as one of the products. Retarding action of 
other halides showed Nal > NaBr > NaCl > Naf, 
being least with NaF. Sodium citrate, substituted for 
Rochelle salt, gave slightly faster reactions but the 
same relative orders. 

On the basis of the experiments above, it is suggested 
that in the method of Rupp (11) and of Tananaev (12) 
for iodometric estimation of ferrous salts by the use d 
this ferro tartrate complex, the time for titration cat 
be considerably shortened by adding some ethy] alco 
hol to the reactants. 
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e KEEPING PROPERTIES OF CERTAIN VOLUMETRIC SOLUTIONS 
BARBEE WILLIAM DURHAM 
(12) The Ohio State University, Columbus, Ohio 
50 
50 Storage Time and Stability of Various Standard Solutions 
Date of Time 
20 Date of restandariza- elapsed, 
Solution preparation Standardized against Factor tion Factor Change months 
1 
Calcium chloride 6/29/44 Silver nitrate 0.0751 10/30/45 0.07512 0.0000 16 
7 Ferrous ammonium Iodine and sodium 
sulfate 3/3/47 thiosulfate 0.1017 6/28/50 0.0905 0.0112 39 
Jodine* 1/12/48 Sodium thiosulfate 0.05030 6/28/50 0.04947 0.0008 30 
luction Potassium 
ferrocyanide’ €/23/49 Zine 0.0520 12/15/50 0.0513 0.0007 18 
appar Potassium 
elerat- permanganate® 10/15/47 Sodium oxalate 0.01986 2/3/48 0.01960 0.00026 13 
than 18 Potassium . 
f permanganate 5/25/43 Sodium oxalate 0.10242 9/26/44 0.10250 0.0000 16 
TOrms Sodium Potassium acid phtha- 
hydroxide* 9/10/49 late 0.00997 2/27/50 0.00988 0.0001 5 
action. Sodium — Potassium acid phtha- 
; hydroxide 4/9/48 late 0.02510 12/27/48 0.02490 0.0002 8 
11 and§ Sodium Potassium acid phtha- 
hydroxide 9/22/43 late 25025 3/29/44 0.25028 0.0000 6 
entical Sodium meta Periodate 9/4/47 Sodium thiosulfate 0.2492 2/16/49 0.2491 0.0001 17 
Oxalic acid 9/19/46 Sodium hydroxide 0.1007 7/7/50 0.0995 0.0012 46 
Sodium thiosulfate? 1/10/45 Potassium iodate 0.01328 11/4/46 0.01326 0.00002 22 
iodine Sodium thiosulfate’ 1/28/48 Potassium iodate 0.02040 3/3/50 0.01990 0.0005 26 
s prac. Sodium thiosulfate® 2/12/46 Potassium iodate 0.10015 8/7/46 0.10015 0.0000 6 
ide j * One of the factors which affects iodine is increased temperatures during summer months. This is particularly true if the bottles 
lide is 
arenot extremely well stoppered. 
100 Of + These solutions contain 0.02% sodium carbonate as a preservative. 
- NaF, ‘The potassium permanganate solutions were prepared from a stock solution which had been boiled, allowed to stand, and then 
ted for filtered through asbestos fiber. 
at the ‘The sodium hydroxide solutions were prepared from carbonate-free saturated solutions, and stored in pyrex bottles. 
gested B Tur keeping properties of volumetric solutions is of — to stability, rather than to do research on the keeping 
v (12) interest to research workers in several fields of endeavor, properties of these solutions. 
use off especially that of chemistry. Although most analysts The chemicals used in the preparation of these solu- 
on. cal § are familiar with the properties of solutions within their tions were, unless otherwise indicated, of the usual 
| aleo-§ particular sphere of interest, specific information is c¢. p. reagent quality and the water, distilled by 
frequently needed about an unfamiliar solution or for means of a Barnstead still, was of high purity. Its pH 
the occasional user of ordinary standard solutions. was between 6.0 and 6.5 and the specific resistance 
a The Control & Reagent Laboratory of Ohio State was greater than 377,400 ohms. 
— University prepares reagents for the several depart- Restandardizations were, in most instances, carried 
P-° ments of instruction and for campus research projects out against a different lot of the same primary standard 
and specializes in volumetric solutions. Frequent in- as was first used in determining the factor and the same 
pects of fF Quiries from research workers concerning the stability indicator was used. 
is Ltd, f of various solutions have prompted the keeping of Though there is much in the literature concerning the 
testandardization records. stability of volumetric solutions, these data will be of 
The above compilation is from these records and interest to many research workers because they tend 
tach entry is a sample of the information collected over to indicate that solutions of iodine, sodium hydroxide, 
_ | &period of eight years. The primary purpose of the potassium permanganate, and sodium thiosulfate, 
ey rstandardizations was to discover significant changes when properly prepared and stored, keep longer than 
ne" inthe normality factor, where there was a question as__ the literature states in some instances. 


MINERALS 


T uenz are several different sets of commercial models 
available to demonstrate the atomic structure of chemi- 
cal compounds. These sets in general are excellent 
for certain purposes but they all lack desirable features 
for illustrating the space-lattice configuration of the clay 
minerals and are somewhat expensive. The follow- 
ing described atomic structure models of clay minerals 
use cheap materials, involve a minimum of cash out- 


Aluminum and Magnesium, Oxygen, Hydroxal, Octahedrons 


lay, and may easily be made to demonstrate the space- 
lattice structure of minerals in accord with the scientist’s 
desires. With reasonable care and patience the models 
may be made to meet desired dimensions with a high 
degree of accuracy, and it is not difficult to make a 
very refined model. 

The structure of clay minerals has been studied by 
Pauling (1), Bragg (2), Marshall (3), Grim (4), 
Hendricks (5), and many others and they have used 
wood balls, rubber balls, glass marbles, plastic ma- 
terials, and paper forms to demonstrate and study the 
crystal lattice of the clay minerals. Excellent models 
have been made but in most cases the cash cost of such 
models has been an undesirable factor. 

The models described herein may be made with any 
good ceramic clay that may be dug in many localities 
or purchased from commercial concerns,' steel wire of 
about 10 gage, water colors, clear lacquer, and a muffle 
furnace. The clay should be well wetted and allowed 


1The Art Clay Co., Indianapolis, Indiana, or local school 
supply store. 


ATOMIC STRUCTURE MODELS FOR CLAY 


ALFRED T. PERKINS 
Agricultural Experiment Station, 
Kansas State College, Manhattan, Kansas 


to stand overnight and then allowed to dry to sucha 
moisture content that the individual atom replicas will 
hold their shape without slumping while drying. The 
size of the individual atoms may be determined by 
reference to Pauling (1) or Marshall (3) or other authors, 
and a convenient ratio to use in constructing the atoms 
is 2.5 em. per Angstrom unit. The amount of clay 
required to construct each atomic species to size may 
be determined by trial and error and the amount of 
clay replicated by weight or measured volume. The 
lumps of clay may be rolled into almost perfect spheres 
by rolling them between the palms of the hands. If 
sufficiently dry clay is used to prevent slumping on 
drying, a crack may appear in the surface of the sphere. 
Such cracks may be eliminated by rubbing them with 
a wet finger. The balls or atomic replicas may be 
held in desired positions, such as the hexagon rings 
characteristic of the clay minerals, by steel wires. 
The maintenance of the position of the balls while 
constructing the space lattice configuration may be 
effected by the use of a piece of wood or similar ma- 
terial with holes drilled in the proper positions. The 
individual groups of atom replicas should be thoroughly 
air dried, then dried in the 100°C. oven, and then fired 
in a furnace at about 650° so as to set the clay. 

After cooling, the individual atoms may be painted 
with water colors followed by a coat of clear lacquer, 
and a stable model will result. If desired a much 


higher temperature may be used for firing so that the 
clay will vitrify, making china or porcelain models, 
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but it does not seem that the resultant models would be 
sufficiently improved to warrant the extra work. Any 
good book on pottery or china manufacture, such as 
Jenkins (6), would contain many helpful hints to the 
scientist who wishes to construct models of atomic 
structure. 
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Kaolin Showing Silicon, Aluminum, Oxygen, and Hydroxal Units 


AN ION-EXCHANGE EXPERIMENT FOR 


QUANTITATIVE ANALYSIS 


Tus experiment demonstrates how ion-exchange 
resins may be used to simplify the process of inorganic 
analysis. A sample containing inorganic sulfates, such 
as a mixture of ferrous sulfate and ammonium sulfate, 
is passed through a column of resin of the cation-ex- 
change type. The cations of the sample exchange with 
hydrogen ions of the resin producing a dilute solution 
of sulfuric acid which is drawn off at the bottom of the 
column. The acid is then titrated with standard 
sodium hydroxide and the percentage of SO; calculated 
from the results. It is assumed that all of the SO; is in 
combination with a positive ion, as in ferrous sulfate or 
ammonium sulfate, and that no other anions are present. 

lon-exchange resins consist of complex organic mole- 
cules, usually insoluble, which possess ionizable atoms 
or groups. Those possessing replaceable cations such 
48 sodium or hydrogen ion are called cation-exchange 
resins. An example of a cation-exchange resin is 
called “Dowex 50.”! It isa sulfonated aromatic hydro- 


'Obtainable from the Dow Chemical Co., Midland, Michigan. 
Also sold as “Ion X” by Microchemical Specialty Co., 1834 Uni- 
versity Ave., Berkeley 3, California. 


WILLIAM M. MacNEVIN, MARY G. RILEY, 
and THOMAS R. SWEET 
The Ohio State University, Columbus, Ohio 


carbon polymer which contains many ~-C—SO,; 
| 
groups on the surface. These groups attract positive 
ions. For example, after such a resin had been treated 
with hydrochloric acid, the group would be present as 


| 
—C—S0O;H. If it is then exposed to a solution con- 
| 


taining a metal ion, the following exchange reaction 
occurs. 


| | 
+ M+——C—SO,M + H+ 
| 


The process of exchange is a rapid one and it goes to 
completion so that it is useful analytically. 

Exchange resins are used in a vertical tube or column, 
as shown in the figure. A porous plug at the bottom 
of the column retains the resin but allows the solution 
to pass through. The resins are prepared as small 
spheres or granules (Dowex 50 is 20 to 60 mesh) which 
pack well but do not prevent the flow of solution. The 
size of column and amount of resin needed depend upon 
the quantity of material to be treated and upon the 


| 
| 


capacity of the resin. ‘Dowex 50” is rated as having 
a capacity of 5.1 milliequivalents per gram of resin. 
One gram of the resin, when exchange is complete, should 
liberate acid equivalent to 51 ml. of 0.1 N acid. Of 
course, the efficiency of the exchange process decreases 
as the exchange reaction progresses and a considerably 
larger quantity of resin is necessary in order to make 
the process quantitative. The efficiency of exchange is 
also less the more rapid the 
flow of solution through 
the column. With a column 
of resin 15 cm. in length 
by 15 mm. in diameter, a 
rate of flow of 15 ml. of 
solution per minute will give 
efficient exchange for three 
or four runs in which 5.0 
milliequivalent quantities 
are used in each run. 

Exchange resins often 
undergo changes in volume 
either upon wetting the dry 
resin or during the exchange 
process. For example, if 
acid is poured into a dry 
column of the sodium form 
of “Dowex 50” expansion 
will occur and columns have 
been known to explode 
dangerously as a result 
of the expansion pressure. 
This can be avoided by 
wetting the resin before the 
column is filled and sec- 
ondly by packing the col- 
umn while the resin is in 
its expanded hydrogen 
form. The swelling of the 
resin on wetting also causes 
a pronounced change in its 
density. With “Dowex 
50’’, for example, the density decreases from 1.55 for 
the dry resin to 1.41 for the wet resin. 

Cation-exchange resins eventually become saturated 
with metal ions and must be regenerated or converted 
back to the hydrogen form. To do this a quantity of 
10 per cent hydrochloric acid is poured through the 
column, and then washed out with distilled water. 

Preparation of Resin. Place about 8 g. of “Dowex 50” 
cation-exchange resin in a beaker, cover with water, 
and let it stand at least one hour, preferably overnight. 
Mount the column and place a small wad of glass wool 
on top of the perforated plate at the base of the col- 
umn. Pour the slurry of resin and water into the col- 
umn. Do not allow the water level to drop below? the 
top of the resin at any time. If air bubbles are trapped 
in the resin, shake the column until they are disengaged. 
The column should now be about half full. 


? Channeling will occur on refilling the column if the water level 
is allowed to drop below the top surface of the resin. 
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Prepare and pour through the column 400 ml. of 1:19 
hydrochloric acid at a rate of about 15 ml. per minute 
Wash out the excess acid with distilled water until the 
pH of the wash water is greater than 5 as indicated by 
methy} red. This will require approximately 500 mi, 
of wash water. The column is now ready for use. 

Procedure. Weigh about 0.25-g. samples containing 
metal sulfates (ferrous ammonium sulfate, ammonium 
sulfate mixtures) into dry 400-ml. beakers. Dissolve 
the first sample in 15 to 20 ml. of distilled water and 
pour the solution quantitatively into the colum:, 
Rinse the beaker once with 10 ml. of distilled water, 
Open the stopcock at the bottom of the column until 
the rate of flow is about 15 ml. per minute. Collect 
the eluted solution in a 400-ml. beaker. Rinse the 
beaker several times more with distilled water and con 
tinue to wash the column with distilled water until a 
drop of eluate placed on a pH test paper* shows a pH 
value of not less than 5. Approximately 150 ml. o 
wash water will be needed. Cover the beaker contain- 
ing the eluate and set it aside. Treat the second and 
third samples in a similar way. 

Titrate each of the acid solutions with 0.1 N standard 
sodium hydroxide using phenolphthalein as indicator. 
Calculate the percentage of SO; in the sample assuming 
that sulfate was the only anion present. 

Results. This method has been applied to mixtures 
of metal sulfates similar to those* given out as samples 
for analysis in undergraduate courses in quantitative 
analysis. After the method was developed and thor 
oughly tried by the authors, it was tested by Mis 
Barbara Grosjean, at that time a senior student at 
The Ohio State University. Sample data are given in 
the table. 


Determination of Sulfate 


% SO; 
Theory 


50.15 


Base,* ml. 


28.03 
26 .62 
26 .34 


26.84 
26.10 
29.26 


32.87 
29.12 
32.12 


Sample, g. 


0.2502 
0.2386 
0.2362 


0.2562 
0.2493 
0.2774 


0.2773 
0.2461 
0.2713 


* 0.1120 N. 


47.02 


53.12 


The conclusion is reached that the method is sufi 
ciently reliable and reproducible to justify its use by 
students as an illustration of ion-exchange resins il 
quantitative analysis. The experimental work is reli 
tively simple. The preparation of the resin and the 
necessary precautions emphasize the important chell 
istry of ion-exchange resins. 


* Hydrion pH papers are available at most scientific supp!’ 
houses. 

‘Ferrous ammonium sulfate samples are supplied by Thom 
Smith, 1847 North Main St., Royal Oak, Michigan. 
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Ox my office wall hangs a picture showing two men in 
knee britches. They are working with a telescope with 


ape large wheel mounted on a table on which rests a prism. 

a. oR An explanation under the picture reads: ‘Joseph 

- Fraunhofer 1787-1826, Inventor of the Spectroscope, 


Was the First to Measure and Designate the Dark 
Lines of the Solar Spectrum.” 1800 is 150 years ago. 
Yet absorption spectra have reached analytical chem- 
istry only within the past few years. Why was this 
principle not applied sooner? It would seem that 
either Fraunhofer and his followers did not know enough 
analytical chemistry or the analytical chemists did not 
know enough physics. 

This points to one thing that needs careful considera- 
tion: how much specialization is desirable in teaching 
analytical chemistry? On the one hand, in large uni- 
versities there is a strong tendency to specialize very 
highly in the graduate years. This is carried down to 
some extent into the undergraduate program. On the 
other hand, in the small college there is the opposite 
tendency. The professor has a larger variety of classes 
and usually less research time. 

Another factor to consider is the student. Chemistry 
(and chemical engineering) majors fall into groups, ac- 
cording to the fields for which they are preparing: 
(1) those preparing for research positions after four 
years of training, (2) those planning to teach chemistry 
and related subjects in secondary schools, and (3) 
those planning graduate work for an advanced degree. 

A chemistry major may desire at any time during his 
training to concentrate on analytical, inorganic, organic, 
physical, biochemistry, or some even more specialized 
field, and should be appropriately advised. 

Aside from chemistry majors, we have another group 
that requires analytical chemistry. It is made up of 
premedical, predental, prepharmacy, laboratory tech- 
nician, geology, engineering, biology, etc., students. 

Although this discussion will center upon training 
analytical chemists for industry, we must keep in mind 
training for other types of chemical work and deter- 


mine how these fit into the over-all program of educa- 
tion. 


= 
| 


Sam BRS SBN 


‘Presented in a panel discussion at the October 21, 1950, 
meeting of the Association. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


RAYMOND W. BREMNER 
Fresno State College, Fresno, California 


An analytical chemist going into an industrial organi- 
zation or research group should, I think (1) have suit- 
able personality—be adaptable, agreeable, honest, 
enthusiastic, etc., (2) have ability to express himself 
clearly and concisely, both orally and in writing, (3) 
be well grounded in basic principles of chemistry and 
related fields, especially analytical chemistry, (4) be 
trained in manipulative skills, and (5) have the ability 
to do original thinking and to make sensible interpreta- 
tions of data. 

These qualifications in the trainee would also be very 
desirable in applicants for other positions open to the 
graduate. For the prospective teacher additional 
training and practice in methods of presentation and 
dealing with younger people should be included. 

The analytical chemistry teacher can help obtain 
such people in several ways. One very effective way 
is by precept and example. Another is by support of 
and participation in a careful screening program for 
students entering college and choosing a major. 

For example the time worn “liquidation” method of 
failing 40 per cent of the students in each semester of 
freshman chemistry and 40 to 60 per cent in the first 
semester of sophomore chemistry is antiquated and 
unfair as a method for selecting desirable trainees. 
It also creates bad public relations. Admission re- 
quirements, testing, advising, and guidance into ap- 
propriate fields are much more effective. Such a pro- 
gram is being developed at Fresno State College. Of 
course, there will always be screening by achievement 
standards set in courses. 

I know of no better place to teach the virtues of 
honesty than in quantitative analysis. The nature 
of the subject leads to honest endeavor in practice and 
in theory. 

There is a tendency among chemistry majors to be- 
little such subjects as English and social sciences. 
Some of the questions on written chemistry examina- 
tions can be given in such a way that the student must 
begin with a capital letter and end with a period in 
giving a definition, describing a method, or explaining a 
theory. Mistakes in English should be marked. Such 
words as clearly, concisely, briefly, and fully should 
appear frequently in examination questions. There is 
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no more eloquent declaration of ignorance than the 
inability of a college graduate to speak and write his 
native language well. Every chemistry major should 
fully realize this as soon as possible. 

What subject matter should be included in analytical 
chemistry? We should not lose sight of the traditional 
qualitative and quantitative, volumetric and gravi- 
metric chemistry. Volumetric and gravimetric analysis 
help many students, for the first time, really to under- 
stand what chemistry is all about. 

In addition to these and a few other methods used in 
organic chemistry we now recognize the importance of 
the following general procedures: 

Spot testing 

Electroplating 

Refractometry 

Potentiometry 

Viscosimetry 

Microscopy and crystal structure 

Polarimetry 

Colorimetry, nephelometry, fluorescence, reflectance, and color 
(visual or photoelectric, using infrared, visible, and ultra- 
violet) 

Spectrophotometry (including emission, absorption, fluores- 
cence, and reflectance; in the ultraviolet, visible, infrared, 
and microwave ) 

Conductometry 

Interfacial tension 

Polarography 

Gas analysis 

Ion exchange 

Radioactive tracer techniques 

Microanalysis 

X-ray diffraction 

Raman analysis 

Electron microscopy 

Mass spectrometry 

There are doubtless additional methods of analysis 
being developed. Automatic recorders are commer- 
cially available for several of the methods listed and 
automatic process controls based upon them are in use 
in some of the chemical industries. 

Several years ago, when I mentioned the lack of 
training in the theory and use of these methods in 
chemistry to Dr. McBain, Stanford’s well-known colloid 
chemist, his comment was, ‘‘We must make them 
available.” This doubtless also expressed the view of 
many leaders in other branches of science. I believe 
instruments for all but the last three or four methods 
listed can now be made available in most colleges that 
train chemists. 

Specific responsibility for each instrument should be 
placed upon a regular staff member. Other staff mem- 
bers, and their students who are specifically assigned, 
should be allowed to use them. Instrumental analysis 
will then enlarge and improve the entire program. 

A suggested program in analytical chemistry follows, 
for a college granting the A.B., B.S., and master’s 
degrees. This is based upon the experience at Fresno 
State College. 


Freshman Year 


Common cation qualitative analysis (semimicro); equations, 
theory, and problems stressed. 
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Sophomore Year 


Theory and problems stressed. Precision is required in the 
laboratory. Normax glassware, class S weights (one set per 
student), and chainomatic balances with magnetic dampers ar 
used. Burets, pipets, and weights are calibrated by major 
students. 

I.2. Volumetric analysis and one or two instruments. 

I. Volumetric and gravimetric analysis and one or two 
instruments for nonchemistry majors. 

II. Gravimetric analysis and anion and rarer element quaili- 
tative analysis (macro). 


Some experience with ores, alloys, and substances difficult to 
dissolve is obtained, including some of the rarer elements. 


Junior Year 


I. Qualitative organic analysis, required for B.S., optional 
for A.B. degree. (Taught by an organic chemistry professor.) 


Senior Year 


II. Instrumental analysis, required for B.S., optional for A.B. 
degree. Prerequisites: two semesters quantitative, two seme: 
ters organic and physical chemistry (latter may be taken con- 
currently ). 

ITorII. Analytical laboratory research project, honors cours 
for the better students. (Written and oral reports required.) 


Graduate Year 


II. Advanced quantitative analysis—theory, 
the literature, reports, may include laboratory work. 

IorII. Thesis in analytical chemistry; analytical laboratory 
research project; seminar topics. 


reading of 


This program is adequate to supply the needs of 
each type of student. It is broad enough to permit 
some specialization in analytical chemistry by students 
planning careers in industrial work or in teaching, espe- 
cially at the junior-college level where analytical chen- 
istry is a commonly offered subject. 

According to recent articles, students beginning 
graduate work at Purdue University* and other uni 
versities are especially weak in inorganic chemistry. A 
frequently quoted comment by Dr. Reedy, I believe, 
of the University of Illinois, is, “There is no better 
place to teach inorganic chemistry than in qualitative 
analysis.” The inclusion of anions and rarer elements 
in the last half of the sophomore year gives the student 
additional training in inorganic chemistry. It also 
gives him a feeling of familiarity with the rarer ele 
ments that are persistently becoming less rare, becaus 
of industrial applications. This type of experience 
also makes the graduate feel less helpless when cot 
fronted by a student or a colleague who wants to know 
the composition of some naturally occuring substance. 

There are several other recent plans for a reorganized 
analytical chemistry curriculum now in use. For e* 
ample at Brown University‘ much of the conventional 
undergraduate quantitative as well as instrumental 
analysis is concentrated in one course offered in the 
senior year; and at Massachusetts Institute of Tecl 


2T and II indicate first and second semesters. 

3 Brown, H. C., ann C. L. Rutes, J. Cuem. Epuc., 27, 437-0 
(1950). 

4 Cotes, J. 8., L. B. Cuapp, anv R. P. J. Epvc, 
26, 10-14 (1949). 
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nology there is a much larger program leading to a 
Ph.D. degree in instrumental analysis. The recently 
described specific laboratory experiments required in 
the instrumental analysis course at Union College® 
seem quite satisfactory for this course as offered by 
colleges. They can be varied from year to year. 


— 


5 Ewine, G. W., J. Epuc., 27, 297-8 (1950). 


To return to the original question of how much 
specialization is desirable, I think a broad background 
in English and liberal arts and a little biology are es- 
sential. At least mathematics through calculus and 
two years of physics should be required for a B.S. 
degree. In most instances even the graduate student 
should be strongly advised to take considerable course 
work in fields outside of, but related to, chemistry. 


Many laboratories may find it to their advantage to 
use a drill press for boring holes in cork or rubber 
stoppers. With little effort, holes can be bored more 
accurately and more rapidly than by using the con- 
ventional cork borer. Moreover, the drill press may be 
readily adapted for this purpose. 

To do this, select a set of hand cork borers, and with a 
hacksaw cut off the handles by sawing through the tube 
near the upper end. The borer, without the handle, 
can now be used like a drill and chucked in a Jacobs 
chuck on a drill press as shown in the illustration. The 
chuck should be tightened by hand with only moderate 
pressure. If closed too tightly the jaws of the chuck 
will deform the borer. Most drill presses are equipped 
with a '/.-in. Jacobs chuck which limits the maximum 
size of the borer to a No. 9. However, larger chucks 
can be obtained. 

The drill press should be operated at speeds below 
400 r. p. m., and preferably about 200 r. p.m. Lubri- 
cation is provided by dipping the borer in a test tube 
containing a solution of Dreft or similar detergent be- 
fore boring each hole. With proper lubrication, three 
or four holes can be bored without removing the cut- 
tings from the tube. When the tube is filled with 
cuttings they can be ejected easily by removing the 
borer from the chuck and forcing them out with a metal 


By this means, holes can be bored accurately to 
specifications. With rubber stoppers, adjacent holes 
can be bored with less than !/3:-in. clearance on either 
side. Also, relatively large holes can be bored in small 
stoppers. Oblique holes may be bored by using wedges 
i the stoppers or by tilting the drill press 
able. 

Many laboratories have drill presses available that 
could be used for this purpose. However, the initial 
cost of a press is not unreasonable when it is considered 


THE USE OF A DRILL PRESS FOR BORING HOLES IN STOPPERS 


W. B. STENGLE 
Crossett Lumber Company, Crossett, Arkansas 


Use of a Drill Press for Boring Holes in Stoppers 


that the tool is suitable for many other uses. Actually, 
the less expensive presses are in the same price range 
as the usual type of laboratory cork boring machines. 
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Tue dependence of economic welfare and progress 
upon industrial research is evident, and industrial de- 
velopment is dependent upon fundamental and applied 
research. Research is a necessary part of our business 
fabric and national economy. 

The growth in both number and size of industrial re- 
search units in our academic institutions is indicative of 
a growing use of organized academic facilities for indus- 
trial research. In fact, the growth has been sufficiently 
marked to elicit criticism from some private labora- 
tories, and yet other private laboratories have endorsed 
the place of universities in this type of research. 

The entrance of colleges and universities into the field 
of industrial research is not new. Much of the early 
work in the chemical industry, particularly in Germany 
before World War I, was done by university professors 
in their laboratories. The fees received by the German 
professors were quite liberal in those early days. 

However, in recent years a new concept has entered 
the picture. This is that research work of this type 
should be done under the auspices of, or sponsored by, 
the institutions themselves, with staff members of the 
institution, or a special staff, performing the work. 
With the multiplicity of problems and research skills 
required, the university staff has much to recommend it 
for putting a research task force or team onto a project. 

Thus we plan to discuss an administrative program 
as it impinges on industry and on the university. 
Specifically, we are going to examine some of the fea- 
tures of administration and operation of the Depart- 
ment of Industrial Cooperation, or as we call it, the 
DIC, at the University of Maine. 


A SERVICE TO INDUSTRY 
Research investigations may fall into three categories: 


1. Fundamental research—investigation for the 
advancement of knowledge by finding new 
truths. 


1 Presented at the Twelfth Summer Conference of the New 
England Association of Chemistry Teachers, University of Con- 
necticut, Storrs, Connecticut, August 22, 1950. 


A SERVICE TO INDUSTRY’ 


JOHN B. CALKIN 
University of Maine, Orono, Maine 


2. Applied research—investigation for the applica- 
tion of knowledge to wholly new problems that 
may develop new industries, new products, new 
processes, or new methods for management. 

3. Technical development—investigation for the 
improvement of present products, processes, 
and management methods. 


Fundamental research is a primary function of the 
universities and in conducting this research they have 
contributed greatly to our national well-being. The 
importance of fundamental research as the forerunner 
of applied research cannot be overemphasized. Applied 
research and technical development are primarily the 
responsibility of industry; and it is evident that all 
industry, large, medium, or small, should have available 
the means for conducting investigative studies. One 
of the methods of providing this means is the use of 
university facilities. 

We at the University, and our Industrial Advisory 
Council, composed of prominent people from industry 
in the State of Maine, recognize the value of a program 
which brings industry and the University into clos 
cooperation. Maine industry, with its preponderance 
of small organizations, can benefit particularly from 
cooperative university studies. Small companies cal- 
not usually afford to maintain their own research de 
partments, yet their need for investigations may be 
great. At the same time, larger companies that mail- 
tain research departments can benefit by promoting 
the fundamental research which makes their applied 
research possible and by augmenting their own researeh 
in problems where additional specialized personnel and 
special facilities are advisable. 


OBJECTIVES 


The objective of the Department of Industrial Co 
operation is to place the personnel and equipment of the 
University of Maine at the disposal of industry to the 
extent consistent with the functions and policies of the 
University. 

Both small and large industries participate in this 
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plan to the degree dictated & 
by their own professional = | 
facilities and needs. Small 
units with limited profes- 
sional personnel use the fa- 
cilities of the Department of 
Industrial Cooperation to a 
great extent, whereas for 
larger companies the facili- 
ties of DIC augment the re- 
search performed by these 
companies and also fill exist- 
ing professional gaps. In- 
vestigations and consulta- 
tions for groups or associa- 
tions are also prosecuted 
through the DIC. 

The department fosters 
industrial cooperation by 
serving as a general clearing 
house for the University on 
all industrial matters. It 
is a focal point in the Uni- 
versity organization which industry may contact to 
obtain the best qualified person or persons at the Uni- 
versity to be consulted on a certain problem whether 
small or large. This department is industry’s liaison 
with the University. 


COOPERATIVE INVESTIGATIONS 


There are, of course, many problems which can be 
solved only by thorough investigative work—by re- 
search and engineering. The DIC welcomes the oppor- 
tunity to discuss these cases, and, if it appears feasible, 
tomake proposals for contractual arrangements where- 
by these problems will be investigated at the University. 

The field of application for cooperative studies of this 
nature is wide. Through this medium service. is ren- 
dered to any industry, large or small, or to any indus- 
trial group or association. The type of investigation 
varies over an equally wide range—from the short-term, 
practical problem in process development and improve- 
ment to the more involved long-range problem leading 
ultimately to improvements in existing industries or the 
development of new industries. Such studies are car- 
ried out, on the one hand, for large industries, groups, or 
associations which have their own research facilities but 
sometimes require specialized personnel and special 
facilities which the University can furnish; and on the 
other hand, for small industries which do not have re- 
search facilities. 


SCOPE OF THE SERVICE 


By utilizing the academic departments and experi- 
ment stations of the University, the DIC has available 
specialized personnel and special facilities in the fields 
of the basic sciences, the various branches of engineer- 
ig, and the economic and social sciences. These de- 
partments have undertaken many industrial studies in 
the past, studies which in breadth and variety embrace 


Aubert Hall (Chemistry and Chemical Engineering Building), University of Maine 


practically all fields of industry, and vary from labora- 
tory research to plant-scale tests. 

The University has been active for many years in 
highway research and in the testing of highway ma- 
terials. In this field an official testing and research 
laboratory has been maintained for the State Highway 
Commission since 1914. Service of this nature has 
been and will continue to be available to industry. 

The Maine Agricultural Experiment Station was 
established in 1885 to provide service and research 
facilities for agriculture. The services of this labora- 
tory are available to industrial concerns through the 
DIC. Food studies for industrial concerns are being 
prosecuted currently. 

Many significant studies have been carried out for 
the wood-using industries. The handling and process- 
ing of lumber, plywood manufacturing and testing, 
chemical pulping, the development of specialty papers, 
and the extraction of oils from native conifers are recent 
subjects of investigation. 

The University is particularly well equipped to 
handle problems in food processing. By combining the 
facilities of the Colleges of Agriculture, Arts and Sci- 
ences, and Technology, all phases of such problems may 
be considered. Although considerable progress has 
been made in this field, the possibilities in food dehydra- 
tion, canning, freezing, production of extracts, and the 
like are still relatively untouched and are most attrac- 
tive. One recent cooperative investigation was con- 
cerned with the application of unique methods to fish 
processing and proved to be of particular industrial im- 
portance. 

Work has been initiated recently to assist the State 
of Maine Insurance Commissioner to reduce the hazards 
and losses by fires. This work is an example of excel- 
lent cooperation between various University and State 
departments. 


~ 
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Specialized personnel and special equipment are 
available for chemical and bacteriological analyses of 
foods, drugs, and other materials. The same is 
true of chemical microscopical examinations and 
analyses of paper and textile fibers, metals, and the 
like. 

Fundamental studies involving hydraulics, equipment 
design, and electronics are in progress. 

The field of cooperative studies should by no means 
be confined to purely technical problems. Research 
along other avenues, as for example, on such economic 
problems as marketing surveys, consumer income 
studies, accounting procedures, and the like, would in 
many instances be equally as productive as technical 
research. Consideration of plant safety problems, 
policies, and practices is another field in which a real 
contribution can be made. 


TYPES OF WORK 


In general, the work performed under the DIC aus- 
pices may be divided into three groups, which are as 
follows: 

(1) Industrial research fellowships. This is a field 
of activity to be recommended particularly to the 
larger industries, and to industry groups and associa- 
tions. It has the dual benefit of providing a means for 
the accomplishment of research, and contributing to 
the education of deserving students who need financial 
assistance. 

(2) Industrial research projects sponsored by a particu- 
lar company, group, or association. To fulfill the objec- 
tive of providing research staff and facilities to industrial 
organizations, specific problems of individual companies 
will be investigated, provided, of course, they contribute 
to the general public betterment. Such studies are 
best handled as cooperative projects and hence repre- 
sent a major contribution to industry. They cannot, 
however, be financed legitimately from University 
funds, and outside support is therefore necessary. 

Such specific investigations are undertaken according 
to an agreement between the University and a sponsor, 
under which the sponsor finances the study. The in- 
vestigation is conducted on a confidential basis with 
periodic reports to the sponsor. The sponsor reim- 
burses the University for the cost of the work, which 
includes salaries, supplies, utilities, and reasonable 
allowances for equipment depreciation, administrative 
overhead, and the like. 

(3) Miscellaneous small jobs. These jobs vary 
widely in character, and have included testing of heat- 
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ing equipment, electrical equipment, and _fire-extip. 
guishers for the State Insurance Department; dete. 
mination of heat value of starch samples and of ¢ogl 
samples; analysis of ore samples, and of bearing metal 
samples; paper fiber identifications; engineering con. 
sultations; study of new paper coating materia): 
evaluation of electronic kiln; study of air pollution jn 
paper mill; fertilizer analyses; analyses of granite 
cleaning compound; analyses of crusher dust; and other 
investigations. 

With the exception of the general information service. 
all the work that the DIC does carries a charge and all 
persons doing work receive compensation. The DIC 
relies wholly on the academic departments and the ex. 
periment stations to perform the work required. In 
this they have a free choice of whether or not they wish 
to do the work. 

The academic departments and the experiment sta- 
tions are thus in effect the operating departments under 
the auspices of the DIC. Work is carried out by staf 
members, graduate students, or undergraduates, de 
pending upon the nature of the work. At times the 
DIC may guarantee for a specific period the whole or 
part of the time of a staff member for this type of 
work, but no one is required to undertake such an agree- 
ment. 


PATENTS AND PUBLICATIONS 


The patent policy of the University, adopted in 1942, 
is given in “Survey of University Patent Policies” (page 
148), published by the National Research Council 
(1948), along with the patent policies of thirty-odd 
other institutions. 

Industrial research fellowships are based on a pro 
bono publico policy. The publication of results from 
sponsored projects is by contract or mutual agreement 
between the sponsor and the University. By and with 
the consent of the sponsor, graduate students may use 
the DIC work as a thesis project toward the master’s 
degree. Naturally, the initiative in this respect would 
be taken by the academic department concerned. 
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To the Editor: 


In the paper, ‘The role of the liberal arts college in 
the professional training of chemists,” by Harry F. 
lewis, which appeared in the February issue of the 
JourNAL OF CHEMICAL EpvucaTion, the author im- 
plied that those colleges whose names did not appear 
in the table, ‘Ratings of Colleges as Baccalaureate 
Sources of Chemistry Doctorates,” were “seemingly 
more interested in the morals or pleasures of the student 
than in the development of his intellectual resources.”’ 
While one can agree wholeheartedly with the author’s 
censure of those colleges which place primary emphasis 
on the pleasures of the students; disagreement must 
be registered with his implied condemnation of those 
colleges which are more interested in the morals of 
their students than they are in encouraging them to 
obtain a doctorate in chemistry. 

In view of events, it would seem that public office is 
no longer considered by many as a sacred trust, but as a 
vehicle of self-enrichment. The recent disclosures of 
the Kefauver and Fullbright Committees need no fur- 
ther amplification or delineation. The spectacle of 
Congressmen and other government officials receiving 
jail sentences for financial irregularities in connection 
with the conduct of their offices; the sordid picture 
of the “five-percenters” and the “‘deep-freezers’’; the 
graft and corruption in the various departments of our 
municipal governments; the file of some 700 letters 
written by Senators and Congressmen to influence the 
decisions of the R.F.C.; all indicate that public mo- 
tality ison a very low level; and public morality is only a 
reflection of private morality. We have become so 
inured to graft, corruption, and the peddling of in- 
fluence in public office that it is almost impossible to 
arouse the citizenry when they are revealed. However, 
when a Senator of the United States deems it necessary 
to propose an inquiry into the moral level of the 
Executive Branch of the federal government, this 
surely must give us pause. 

_ In view of the well-known and widespread immoral- 
ity or amorality of public and private life in our coun- 
ty, can we assume that our institutions of higher 
education are doing all that can be rightfully expected 
of them? Of what avail is it to train excellent sci- 
entists, lawyers, doctors, dentists, business men, etc. 
ifthey are not simultaneously trained to use their tal- 


ents and knowledge in accordance with right reason and 
the dictates of conscience? If a college should be 
more interested in the moral development of its students 
than it may be in imparting a few technical skills (and 
the two interests are not mutually exclusive), is this 
reprehensible? A student is, above all, a human being, 
with all that this implies, before he is a prospective 
candidate for the doctorate. 

Possibly, if all our schools were more concerned with 
the moral development of their students, graft and cor- 
ruption would be lessened. Possibly, we would not be 
witnessing government (or, at least, attempted govern- 
ment) by pressure groups, regardless of what segment. 
of the economy these pressure groups represent. In 
view of the current, titanic struggle with Communist. 
Russia, it might be well to remember the great historical 
lesson that nations or empires do not fall before outside: 
pressures unless they have been first corrupted from. 
within. Who is making the greater contribution to this 
struggle—those schools which emphasize moral de- 
velopment simultaneously with intellectual training or 
those schools which emphasize intellectual training 
only? 


Joun C. WirTH 
Sr. Joun’s UNIVERSITY 
Brookiyn, NEw York 


To the Editor: 


May I offer the following comments on the paper 
by Ruth H. Ellis and Edward R. Linner [THis JourNAL, 
26, 528 (1949); see also, W. SrrGer, ibid., 16, 595 
(1939)], on determining the combining weights of 
zine or cadmium by dissolving them in HCl or aqua 
regia, and weighing their chlorides upon evaporation. 
(1) The metal should be weighed to the nearest centi- 
gram, not decigram, otherwise the error is too great. 
(2) Zine chloride is so hygroscopic that weighings 
must be made rapidly. It is therefore preferable to 
treat a weighed quantity of zinc with HCl, measure the 
volume of hydrogen evolved, and calculate the weight 
of zine which will displace 11,200 cc. (1.008 g.) of 
hydrogen at 8.T.P. Or, a weighed quantity of zinc 
oxide may be dissolved in excess normal HCl, and the 
excess back-titrated with normal alkali. (3) The 
equivalent weights of other metals may also be deter- 
mined: copper or lead, by reduction of their oxides 
with hydrogen; iron, aluminum, or magnesium, by 
reaction with HCl and measuring the volume of hydro- 
gen as in (2); silver, by forming AgNO, then pre- 
cipitating and weighing as AgCl. (4) These equiva- 
lent weights may then be used to calculate exact atomic 
weights of the metals by determination of their specific 
heats and conventional application of DuLong and 
Petit’s law. 


WALFRIED SEEGER 


BUNDESREALSCHULE 
Dorsirn, AUSTRIA 
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SOYBEANS AND SOYBEAN PRODUCTS. VOLUME I 


Edited by Klare S. Markley. Interscience Publishers, Inc., 
New York, 1950. xvi + 540 pp. 123 figs. 92 tables. 15.5 X 
23.5cm. $ll. 


Ir A person desires references regarding soybeans from 2838 
B.c. to 1949 a.p., together with a short but accurate summary of 
each reference, this is the book to buy. The book is encyclopedic 
in character, each of its fourteen sections being prepared by a 
person thoroughly familiar with his subject. The first three 
chapters, while not particularly interesting from the chemical 
viewpoint, make excellent and instructive reading relative to the 
history of the production, work production, and trade and also 
to the structure and genetic characteristics of the soybean. 
These chapters are well illustrated particularly that pertaining to 
the agricultural processes as performed by hand labor, by ani- 
mals, as well as by up-to-date machinery, the latter used in the 
United States. The botanical chapter carries a beautiful plate 
showing the color, shapes, and sizes of thirty varieties of soybean 
seeds. 
The chapter on the chemical composition of the soybean seed 
is somewhat short but those pertaining to the chemical and physi- 
cal characteristics of the oil and to the nitrogenous and nutritive 
factors occupy more than half the book. Under “influence of 
maturity” it is stated that ‘the composition of the soybean dur- 
ing its period of development and maturation is in a state of flux 
until physiological maturity is reached.” Another interesting 
statement in the same section, from a bulletin of the agricultural 
experiment station of the S. Manchuria Ry. Co., is “they [Tsuku- 
naga and Nishino] found the iodine value of the oil increased as 
the seed matured.” It is well known that the iodine number of 
soybean oil is more variable than is that of most seed oils. One 
table, four pages in extent, giving the results of analyses of ninety- 
five samples of soybean oil from twelve varieties of soybeans dis- 
closes a greater variance in iodine number than is usually pub- 
lished elsewhere. The lowest iodine number is 99.6 and the high- 
est 147.6. Several methods applicable to the analysis of edible 
oils are described. Unfortunately in the description of the deter- 
mination of the thiocyanogen value the methods for the prepara- 
tion of the reagents are omitted. 
Under the subheading “Detection of soybean meal or flour in 
other materials,” is given a two-page summary of twenty publica- 
tions of that character. This may seem very little space, yet 
this reviewer, who is familiar with several but not all of the publi- 
cations, can state that if work of that character is suddenly 
thrust upon an analyst he can ascertain by reading those two 
pages what methods are best suited for his problems and then can 
get the details from the original publications. 
The last chapter relates to mechanical processing and is well 
illustrated with half-tone cuts of many pieces of machinery. 
Although this chapter is thirty-seven pages long, yet one who is 
interested in the industrial processing of soybeans and has had 
Pe opportunity to view various processes would welcome more 
etail. 
There is an enormous amount of valuable information in the 
chapter on proteins and other nitrogenous constituents, and also 
in that upon nutritive factors, culled from 495 and 204 original 
sources respectively. When one considers the enormous amount 
of necessary study, reading, abstracting, and presenting the re- 
sults in excellent English it is evident that the publishers, the 
editor, and the contributors have done well in making this valu- 
able information available to all. 
There is no index, it being reserved for inclusion in Volume II. 


HERMANN C. LYTHGOE 


NEWTONVILLE, 
MAssAcCHUSETTS 


Receut- Gooke 


SUPERFLUIDS. VOLUME I 


Fritz London, Duke University. John Wiley & Sons, Inc., Ney 
York, 1950. viii+16l pp. 45 figs. 15.5 X 24cm. $5, 


In 1911 Kamerlingh Onnes discovered that the electrical resist. 
ance of mercury dropped to zero near 4.2°K., the boiling point of 
helium. Also, the viscosity of liquid helium drops to near zem 
below 2.19°K. In 1933 Meissner and Ochsenfeld cooled a mono. 
crystal of tin in a magnetic field. At the superfluid transition 
point, the magnetic lines of force ceased going through the crystal 
and passed around it. The magnetic induction thus vanishes 
inside the superconductor along with the electrical resistance, 
Such behavior is not understandable in terms of classical me 
chanics. London deals in this book with the efforts to fit thes 
facts into the theories of matter. He‘ apparently behaves as, 
Bose-Einstein gas while He* does not, as London anticipated. 
The particles of the fluid settle down with zero momentum in the 
superfluid temperature range. As a result, the corresponding 
wave lengths reach macroscopic dimensions. Such particles 
have zero entropy. Interpenetrating with these particles in 
physical space but separated from them in momentum space ar 
random particles which carry the entropy of the system. 

This book has both the fascination and limitations which go 
with unfinished theories. It is clearly written at the rather 
mathematical level required to discuss such phenomena. It 
should be required reading for anyone who would understand the 
theory of matter at the lowest temperature. 


HENRY EYRING 
University or UTau 
Sait Lake City, UtTan 


CHEMICAL THERMODYNAMICS 


Frederick D. Rossini, Head, Department of Chemistry, Carnegie 
Institute of Technology, Pittsburgh. John Wiley & Sons, Inc, 
New York, 1950. xix +5l4pp. 76figs. 19tables. 14.5 x22 
cm. $6. 


Tuts book is written as a text for a course in chemical thermo 
dynamics for those who have studied physical chemistry ani 
calculus. Emphasis is given to practical applications of thermo 
dynamic principles, the material being arranged in the author’ 
plans for instructional use and not necessarily in the order of the 
chronological development. 

The first five chapters take up background material and intr 
ductory concepts, and the first law of thermodynamics and vat 
ous energy changes are the subjects of the next five chapter. 
The broad topics next discussed are entropy, tree energy, thermo 
dynamic relations, energies of reaction, statistical calculations d 
thermodynamic functions, third law, equilibrium, solutions 
equilibrium constant and free energy, electromotive force, ther 
modynamics of solutions of electrolytes, and applications of ther 
modynamic calculations. The appendix contains 13 tables d 
useful data, a table of symbols and their defintions, and a listd 
151 references. 

The author has been careful to follow a planned use of symbol 
which are essentially those proposed by Lewis and Randall. Fa 
discussion of solutions the symbol * is used to denote a putt 
component and a new superscript, 9, is used to denote zero cl 
centration of solute. The superscript ° continues to be used fo! 
standard state. Further detailed symbol designations are uset) 
for example, standard heat of formation is called AHf° and stané 
ard increment in heat content for a combustion is called AH¢’ 
Such detailed designations undoubtedly make for precise defint 
tions but it is possible that they may add instructional problem 
for the teacher and the student. 
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Teachers will be particularly interested in Chapter 34 which 
contains many valuable practical calculations. High pressure 
and equilibrium calculations are considered; in addition informa- 
tion is given concerning the manufacture of isooctane, butadiene, 
styrene, synthetic fuels, alcohol, and of toluene from light gasoline 
fractions of petroleum. The sections dealing with evaluation of 

ity from freezing point measurements and with fractionation 
processes are to be commended. 

A sufficient number of good problems is given at the end of 
each chapter and it is refreshing to find compressibility factor 
charts in Chapter 23 which are usable for student calculations. 

In the reviewer’s opinion the book is written on a level of diffi- 
culty for a graduate course rather than an undergraduate course. 
However, it probably could be used in a two-semester senior 
course if the instructor used care in selecting the material. 


ARTHUR A. VERNON 
NorTHEASTERN U NIVERSITY 
Boston, MASSACHUSETTS 


’ INTRODUCTION TO AGRICULTURAL BIOCHEM- 
ISTRY 


R. Adams Dutcher, Professor of Agricultural and Biological 
Chemistry; Clifford O. Jensen, Professor of Phytochemistry; 
Paul M. Althouse, Associate Professor of Agricultural and 
Biological Chemistry, Pennsylvania State College. John 
Wiley & Sons, Inc., New York, 1951. xii + SO2pp. 23 figs. 
45 X22cm. $6. 


Tas textbook was written for students who have had 
“ |, sound training in inorganic and organic chemistry.”” The 
authors express the hope that the book will also “. . . serve as a 
general reference book for students who are interested in the 
underlying chemical principles affecting plant and animal 
growth.” The approach, however, is so elementary that it is 
doubtful if the book could be considered as a reference work 
since, in the main, the few references cited are to other textbooks 
of biochemistry. To use the book as a text would probably re- 
quire a special course developed to fit the subject matter of the 
book. 


The book is divided into three parts. Part 1, “General and 
Introductory,” consists of eight chapters. The first is a brief 
history of the development of agricultural chemistry. The 
second deals with the elementary chemistry of living matter such 
as might be found in most textbooks of beginning botany or 
zoology. Chapter 3, the Physical State of Matter, is a review 
of dissociation, osmosis, surface tension, pH, etc., written at a 
level that would be encountered in a beginning text of plant 
physiology. Chapter 4, Carbohydrates, and 5, Lipids, are 
simple discussions of the chemical properties of these substances 
treated less extensively than would be found in a first course in 
organic chemistry. Chapter 6, Proteins, suffers greatly from 
brevity and omissions. Denaturation, for example, is scarcely 
considered. Stereoisomerism of amino acids is discussed includ- 
ing an illustration of a polariscope and how it is used to determine 
optical rotation in an early chapter, yet no specific mention is 
made as to whether natural amino acids are of the d or l form. 
Ribose is presented as a constituent of nucleoproteins, but no 
mention of desoxyribose appears. The classical structural 
formula of a tetranucleotide is presented (page 110) with a cap- 
tion beneath stating, “‘A typical nucleic acid.” Also the state- 
ment appears on the same page that, “Nucleic acid is, therefore, 
a tetranucleotide.”’ 

Chapter 7, Enzymes, is presented on a much higher plane 

the previous chapters and is a good, though brief, survey of 
the subject. The next chapter, Biological Oxidations, is writ- 
ten from the modern point of view, but again suffers from brev- 
ity. On pages 149 and 150 a scheme for the stepwise conversion 
of starch to pyruvic acid is given. The phosphorylation of glu- 
cose by hexokinase is indicated but no mention is made of the 
hecessity for a source of high-energy phosphate. The enzyme 
responsible for the phosphorylation of fructose-6-phosphate to 


fructose-1,6-diphosphate is called hexose diphosphatase. The 
concept of a high-energy phosphate bond is not introduced until 
five pages later, and then only in the sense of conserving energy 
derived from the oxidation of pyruvate in the Kreb’s cycle. 
Similarly, the creation of a high-energy phosphate bond during 
the oxidation of 3-phosphoglyceraldehyde to 3-phosphoglyceric 
acid is not considered except that the Lipmann designation 
(~P) is used without explanation. The transfer of electrons and 
protons is lucidly explained and the statement, “Water is thus 
the graveyard of electrons from oxidized food,” caught the re- 
viewer’s fancy. With a moderate amount of expansion, this 
chapter could be made into a good account of general respiratory 
processes. 

Part 2, ‘The Plant,” consists of six chapters. Seed Germina- 
tion can scarcely be considered even elementary plant physi- 
ology. The Soil and Its Relation to Plant Growth is a brief reiter- 
ation of the subject matter of a beginning soils text. ‘The mecha- 
nism of nitrogen fixation is described according to the notions of 
Virtanen, but no account is given of the elegant experiments of 
Burris and Wilson using N™ to describe the pathway of nitrogen 
fixation. The next chapter, Fertilizers, is elementary agron- 
omy. Plant Metabolism very briefly considers photosynthesis, 
protein metabolism, and lipid metabolism. In view of the recent 
remarkable advances in photosynthesis, this subject would have 
profited greatly from expansion. Chapter 13, Pesticides, and 
14 Farm Chemurgy, require space that could well have been 
used for the expansion of “‘. . . the underlying chemical principles 
affecting plant ... growth.” It is difficult to understand how 
any text purporting to explain the chemical basis of plant growth 
could completely omit all reference to plant growth regulators, 
except to mention 2-4-D as a herbicide. 

Part 3, ‘The Animal,” consists of 10 chapters. While the 
reviewer does not feel competent to judge this section in its proper 
perspective, nevertheless it should be noted that Chapters 20, 21, 
and 22 on carbohydrate, lipid, and protein metabolism, respec- 
tively, are unsatisfactorily brief in their consideration of such 
important subjects. There is an appendix at the end of the book 
listing the nutritional requirements of farm animals. 

The reviewer doubts that the subject matter of this book 
approaches the present level of agricultural biochemistry as it is 
being taught in this country. Agricultural students who can 
meet the severe requirements of “‘. . . sound training in inorganic 
and organic chemistry” are surely prepared to accept, understand, 
and to profit from a more thorough treatment of the biochemical 
mechanisms of living protoplasm. 


Ss. G. WILDMAN 
Untversity oF CALIFORNIA 
Los ANGELES, CALIFORNIA 


a PHYSICAL METHODS IN CHEMICAL ANALYSIS. 
VOLUME II 


Edited by Walter G. Berl, Applied Physics Laboratory, Johns 
Hopkins University. Academic Press, Inc., New York, 1951. 
xii + 640 pp. 16 X 23.5cm. $13.50. 


IN contTinurNG the presentation of the earlier volume of this 
set, this one includes “electrical, magnetic, and miscellaneous 
techniques.”’ The diversity of coverage is shown by the section 
headings: ‘Metallurgical polarographic analysis and polaro- 
metric titrations,” J. Heyrovsky (48 pages); ‘“‘Conductometric 
analysis,” H. T. 8. Britton (53 pages); ‘Potentiometric analysis,” 
H. A. Laitinen (48 pages); “Electrography and electro-spot 
testing,’”’ H. W. Hermance and H. V. Wadlow (77 pages); “‘Mag- 
netic methods of analysis,” A. R. Kaufmann (25 pages); ‘“De- 
termination of the area of the surfaces of solids,” G. Jura (48 

); “Surface tension measurements,” M. Dole (28 pages); 
“Vacuum techniques and analysis,’ B. B. Dayton (53 pages); 
“Gas analysis by methods depending on thermal conductivity,” 
E. R. Weaver (50 pages); ‘‘Measurement of radioactivity for 
tracer applications,” A. Langer (60 pages); ‘Statistical analysis,” 
J. Sherman (88 pages); and ‘Chromatographic analysis,” W. G. 
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Berl (26 pages). The accompanying bibliographies range in 
number of entries from a minimum of 13 to a maximum of 227. 

Since the reviewer is neither in a position, nor is there space, to 
consider each topic critically, only rather general comments seem 
appropriate. 

In general, each subject encompasses the fundamental princi- 
ples involved, the principal kinds of analytical applications (if 
any), and, in some cases, fairly specific details on methods. 
Thus, rather concise perspectives are provided for the nonanalyti- 
cal major. The first three, the ninth, and the final sections 
especially fit this category. Others, such as electrography and 
radioactivity, are definitely something more. The analytical 
aspects of electrography and radioactivity are so new that most 
analysts will welcome these summaries. 

One’s reaction to a work of this kind is conditioned by his con- 
cept of the place and the work of analysts and of the subject mat- 
ter properly belonging to chemical analysis. Probably no two 
individuals could agree on the answer to the question of what 
should be treated where. For example, should the theory and 
method of use of the equal-arm balance be presented in the 
mechanics section of a treatise on experimental physics, in a mono- 
graph on physico-chemical measurements, or in a textbook on 
gravimetric methods of chemical analysis? Perhaps the answer 
is, in all of them. 

In stating the following questions, then, the reviewer is really 
only expressing personal uncertainties. Do surface area or sur- 
face tension measurements as described here furnish information 
on what constituent is present or how much there is? That is, do 
these topics belong in chemical analysis? The analyst, of course, 
might want to check such a property as a specification; but this 
is equally true for many other physical properties not included. 
Where does statistical analysis belong? Certainly all serious 
students, dealing with measuring numbers in many fields, must 
deal with it. Usually students in chemistry encounter measure- 
ment first in elementary physics or in quantitative chemical 
analysis by titrimetric or gravimetric methods. Since chromato- 
graphic analysis, as presented here, is a separative operation, is it 
sufficiently unique among methods of separation to warrant isola- 
tion from the others? 

The reviewer would have suggested certain additions, such as 
the following applications: new polarographic techniques and 
polarography for organic systems; magnetic methods for certain 
separations; and control charts in statistical evaluations. 

These summaries will be adequate for many people. Those not 
satisfied will find in the bibliographies citations to more compre- 
hensive treatments. 

M. G. MELLON 

Purpve UNIVERSITY 

LAFAYETTE, INDIANA 


+ TOXICOLOGY OF URANIUM 


Edited by Albert Tannenbaum, Director, Department of Cancer 
Research, Medical Research Institute, Michael Reese Hospital, 
Chicago. McGraw-Hill Book Co., Inc., New York, 1951. xxvi + 
333 pp. 68 figs. 138 tables. 16 24cm. $3. 


THE concentrated research under the direction of the Manhat- 
tan Project on the toxicology and pharmacology of uranium that 
was performed by a group of scientists at the Metallurgical 
Laboratory of the University of Chicago and the Medical Re- 
search Institute of Michael Reese Hospital, Chicago, is reported 
in this volume of the N. N. E. S. The 14 original papers and 
two literature reviews are preceded by a clear and concise survey 
of the significant findings. The subjects covered include the 
nature of uranium poisoning, the distribution and excretion of 
the metal, and the gross and microscopic pathology that follow 
exposure to it. Some biochemical studies are also presented and 
discussed. 

Although most of the work was done with uranium 238, 
uranium 233 was used for some tracer studies. The relative 
toxicities of various uranium compounds and various routes of 
administration were investigated, and several species of animals 


JOURNAL OF CHEMICAL EDUCATION 


were studied. The major portion of the work involved urany| 
nitrate injected subcutaneously or fed to mice. The gyb. 
cutaneous route of administration complicated unnecessarily the 
retention, excretion, and distribution studies because of residual 
material at the injection site. This difficulty could have been 
removed simply by injecting the material intravenously. 

The editor points out that this is not a textbook of the toxi- 
cology and pharmacology of uranium and that it is not a com. 
pilation of all the Manhattan Project studies on uranium, 
However, it is a valuable contribution to our knowledge of the 
biological effects of uranium 238. The research was initiated 
because of the need to protect the health of those workers jn 
the Project who were actively engaged in uranium operations, 
Since the information was required at once, no excuse need be 
made for the small numbers of animals employed and the lack 
of completeness of some of the work. Sufficient data were 
rapidly accumulated to indicate that uranium 238 is less of a 
hazard to personnel exposed to it than mercury or lead. 


MIRIAM P. FINKEL 
ARGONNE NATIONAL LABORATORY 
Curcaco, 


* PROGRESS IN BIOPHYSICS AND BIOPHYSICAL 
CHEMISTRY. VOLUME I 


Edited by J. T. Randall and J. A. V. Butler. 
Inc., New York, 1950. viii + 279 pp. 
16 X 25.5cm. $6.80. 


Academic Press, 
119 figs. 17 tables. 


Tuts volume is a welcome addition to the list of biological re- 
view journals which have developed in such large numbers in 
recent years. It must-not be considered just another review 
journal, however, for in certain respects it is quite unusual. To 
the present reviewer, who has found certain of these journals to be 
quite useless except possibly for their bibliographic compilation, 
the present volume is refreshingly different. Not only is the 
quantitative point of view a dominant feature of this volume, but 
each article is written by a specialist who appears to have thor- 
oughly digested and organized the material before writing it in 
its finished form. As a result the reader obtains a full view of 
each subject rather than a mass of unrelated, useless tidbits of in- 
formation. The book is not easy reading, on the whole, but for 
advanced students who wish a comprehensive review of certain 
phases of biophysics, biophysical chemistry, physiology, and the 
theoretical basis of specialized techniques this volume is highly 
recommended. The following is an attempt to indicate the scope 
of the subject matter. 

The first chapter entitled “Properties of solutions of large 
molecules” is written by H. Gutfreund and is concerned mainly 
with some of the methods used to determine certain physical 
constants and the results of measurements of these constants in 
protein solutions. Included in this chapter is an interesting 
thermodynamic derivation of the Van’t Hoff osmotic pressure 
equation for dilute solutions. Some discussion is also devoted 
to the Donnan equilibrium and to the problem of the criteria of 
homogeneity in protein solutions. A brief enumeration is in- 
cluded of certain physical constants for six important biological 
macromolecules, 7. e., hemoglobin, myoglobin, ovalbumin, serum 
albumin, insulin, and beta-lactoglobulin. 

The second chapter is by K. M. Rudall on the subject of 
“Fundamental structures in biological systems.’”’ This is a well- 
written review of recent studies on the molecular structure of 
polypeptides, proteins, polysaccharides, and polynucleotides. A 
considerable portion of the chapter is devoted to a consideration 
of the beta-type (extended) polypeptide structure and the types 
of bonds which exist in such a structure as well as to the alpha- 
chain. Some discussion is devoted to the alpha — beta trans- 
formation as well as to the interesting phenomenon of supercon- 
traction. 

Chapter three is a short but important treatment by G. Oster 
of the subject “Scattering of visible light and X-rays by solutions 
of proteins.” In this discussion the author develops the theo- 
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retical basis for the analysis of size, shape, and relative positions 
of protein molecules by the technique of scattering of visible 
light and X-rays. Four cases are considered. The first is that 
of small independent particles, 7. e., particles in a thermodynam- 
ically ideal solution, and whose largest linear dimension is about 
one-tenth the wave length of the radiation. For a monodis- 
persed system of such colorless particles the Rayleigh inverse 
fourth power of the wave length law holds within the wave 
length limits where there is no absorption. From such a Ray- 
leigh plot the molecular weight may be determined. The author 
points out that values of molecular weights determined by the 
light scattering method agree reasonably well with the results 
of other methods. The second case which is discussed is that of 
small nonindependent particles. The equation for these par- 
ticles is developed on the assumption that light scattering follows 
the Smoluchowski-Einstein equation. From the application of 
this equation the molecular weight may be determined as well 
as a function B whose value is determined by both the shape and 
interactions of the particles. The third case, that of large 
independent particles, 7. e., particles with a linear dimension 
comparable to, or greater than, the wave length of the incident 
radiation is treated on the basis that the theoretical angular 
distribution of the scattered light is given by the solution of the 
electromagnetic problem of a plane wave falling on a particle 
whose index of refraction is close to that of the medium in which it 
is immersed. For particles of low relative refractive index, 
particle size may be determined irom the dissymmetry of scat- 
tering. For this all that is needed are two measurements of 
intensity of scattering at two equal angles on either side of 90°. 
The author shows how size, shape, and molecular weight may be 
studied by such dissymmetry measurements and it is pointed out 
that the dissymmetry method may be useful in a number of 
biologically important systems where change in shape of protein 
molecules is believed to occur. The fourth case, that of noninde- 
pendent large particles, is treated as a case of X-ray scattering by 
nonideal gases and liquids. 

Chapter four by E. E. Crane summarizes a great deal of useful 
information on bioelectric potentials. A brief historical review 
is first given followed by a tabulation of some of the best known 
plant and animal sources (tissues and organs) of biopotentials. A 
discussion, along classical lines, of the physicochemical causes 
of these potentials is presented, following which, the author 
undertakes the difficult job of attempting to relate these poten- 
tials to physiological events. Some of this discussion involves 
ovulation and ovulation potentials, wounds and the potentials 
which arise in association with such injuries, the electric organs 
of fish and the potentials which these organs produce, and the 
important problem of the biopotentials arising from secretory 
structures. This chapter is concerned exclusively with the so- 
called steady potentials, and the action potentials as well as other 
transients are entirely omitted. A worker in this field cannot 
be critical of this omission because the action potentials, especially 
in connection with the nervous system, have been reviewed al- 
most to satiety. 

Chapter five is a brief summary by A. F. W. Hughes of ‘“‘Phase- 
contrast microscopy in biological research.”” This chapter gives a 
bit of the history of the phase-contrast microscope, indicates its 
advantages and limitations in biological research, and itemizes 
some of the most recent publications in this field. A technical 
discussion of the theory and construction of the phase-contrast 
microscope is omitted but references to this are cited. 

Chapter six, entitled ‘Local refractometry: the observation of 
transparent inhomogenous matter” is written by J. St. L. Philpot 
and is concerned with the theories involved in the observation 
by optical methods of biological materials as in microscopy, ultra- 
centrifugation, electrophoretic migration, etc. The chapter, 
which contains a valuable summary of certain phases of mathe- 
matical optics, discusses afocal methods, focal methods, ampli- 
focal methods, and aperfocal methods. This chapter will be of 
great value to specialists who wish to have a more thorough un- 
derstanding of the methods employed in the laboratory. 

A. Engstrém is the author of the seventh chapter which is 
entitled “Use of soft X-rays in the assay of biological material.”’ 
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This is an interesting account of the use to which soft X-rays 
have been put in the histological and cytological examination of 
biological material. _The author first shows that with X-rays in 
the region of 2-50 A. it is theoretically possible to make absorp- 
tion measurements in a sytem composed of a layer of single cells. 
Some of the history and methods of microradiography are dis- 
cussed including the technique of true X-ray image production by 
the use of monochromatic radiation and a crystal grating. In 
addition, there is a discussion of the theory and technique of the 
method for determining the mass of cell structures. The author 
describes his own work in which the transmission to polychro- 
matic soft X-rays by a biological specimen is compared with the 
transmission in a reference system consisting of a step wedge of 
thin collodion foils. The transmitted rays are allowed to strike 
the emulsion of a Lippman film and the microradiogram thus ob- 
tained is enlarged by photomicrography. The density of various 
cell structures is compared with the density of the wedge and the 
relative mass in units of the wedge for various cytological struc- 
tures is determined. A number of applications of this technique 
and photographs of selected cells and tissues are given. Single 
nerve fibers with nodes of Ranvier are shown as well as striated 
muscle fibers with well-developed cross striations. Some rather 
striking photographs showing marked differences between nucleus 
and nuclear structures and the cytoplasm were especially inter- 
esting to this reviewer. Most striking was the high density of 
the chromosomes in Chironomus larva salivary glands and the 
mass differences of the chromosome bands in the Chironomus 
preparation. 

The author also indicates that the presence of absorption edges 
at particular wave lengths makes possible the use of X-rays for 
the quantitative determination of different elements. Using 
the K-absorption edges it is concluded that the major elements 
of biological interest may be theoretically determined by X-rays 
with the method outlined above. Curves are shown of the con- 
centration of calcium and phosphorus in a tooth as a function of 
distance from the apex of the tooth as well as a graph of the con- 
centration of sulfur in the stratum corneum of the skin. 

Chapter eight is a timely account by J. F. Loutit of man’s toler- 
ance for radioactive isotopes. The author emphasizes the pos- 
sible future danger in the contamination of air and water supplies 
with long-life radioactive fission products and reminds us that 
information about the maximum tolerable contaminating dose is 
badly needed, but that due to ignorance of the biological variables 
the present information is not entirely dependable. The author 
then considers the meager and uncertain information of the 
metabolism of radium based on some clinical observations and 
the few existing experiments in which volunteers were employed. 
Radium is eliminated by way of the feces, urine, and expired air 
(radon). Though figures for elimination vary, there is general 
agreement that a large proportion of the ingested radium is 
eliminated. About 1 per cent is retained in the bones, and this is 
rather firmly bound although some shift can occur. Toxic ef- 
fects of radium include bone necrosis, anaemia, and osteosar- 
coma. Mesothorium also appears to have some of these effects. 
The author also speculates on a comparison of the effects of 
radium with certain of the fission products. He considers that 
Sr**, Sr®, and Ba!” should be expected to be deposited diffusely 
in bone, like radium and calcium, whereas certain other elements 
(yttrium and cerium) concentrate at the periosteal and endosteal 
surfaces, thus creating certain special problems. Products which 
do not concentrate in bones (Xe!33, Cs!*, Ru’, must of 
course be treated differently from radium in calculations of 
maximal permissible dose. This entire chapter is an implicit 
announcement of the need for precise, controlled, and responsible 
experiments of the effects of radioisotopes on the human organism. 

The last chapter by M. G. M. Pryor on ‘Mechanical properties 
of fibres and muscles” is a difficult but a most stimulating section 
of this volume. The author first considers the thermodynamic 
behavior of certain elastic substances when under strain. Rub- 
ber is given considerable attention especially with regard to some 
of the ideas which have been proposed for the behavior of the 
rubber molecule chains. Some discussion is also given to imper- 
fect rubbers and the elastic aftereffects which these materials 
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give. The load-length curve of polyvinyl] chloride shows such 
plastic behavior, and human hair responds to load as does poly- 
vinyl] chloride. Two theoretically possible elastic power cycles 
are next discussed. These are the potential energy cycle and the 
entropy (kinetic) cycle. Several conceptions of potential energy 
cycles are given and the difficulties which arise in applying these 
to muscle contraction are stated. The entropy cycles are given 
as (1) a heat engine analogous to a Carnot cycle and (2) a chemi- 
cal engine in which the attractive forces between molecules are 
controlled chemically. 

To obtain information on the nature of the power cycle in 
biological systems the dynamic modulus is considered by the 
author to be of value. This modulus is obtained by subjecting 
the system under study to a rhythmically varying load. The 
dynamic modulus varies with the frequency of load variation and 
this response to frequency yields valuable information about the 
properties of the test system. The author first pictures and 
describes his own apparatus for the measurement of the dynamic 
modulus and then gives some of his own results on a model sys- 
tem consisting of pheasant leg tendons contracting when treated 
with a solution of potassium mercuri-iodide. 

The last section of this chapter deals with muscle. The author 
reviews previous work and the results of his own experiments as 
to the effects of stimulation on viscosity and the variations of the 
dynamic modulus with frequency. The conclusion is reached 
that the kinetic theory offers a more reasonable concept of the 
behavior of muscle unless one wishes to add additional complica- 
tions to the potential energy hypothesis. Muscle contraction is 
then visualized as a change of the muscle proteins from the resting 
state, when they are in a semicrystalline condition or when inter- 
molecular forces are high, to the active state when there is a de- 
crease in the forces binding protein chains and a reduction of 
the orientation. The immediate stimulus for this change is as- 
sumed to be the addition of a plasticizer—perhaps ATP—which 
reduces the intermolecular forces. Recovery of the orientated 
state is assumed to follow upon the enzymatic destruction of the 
ATP. 


FREDERICK CRESCITELLI 
University OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* WATER TREATMENT 


Eskel Nordell, Administrator, Analytical Laboratories, Research 
and Pilot Plant Divisions, The Permutit Company. Reinhold 
Publishing Corp., New York, 1951. vii + 562 pp. 126 figs. 
162 tables. 16 X 23.5cm. $10. 


Tuose who are interested in the industrial treatment of water 
will find this book to be of great practical value. Every phase of 
industrial treatment is touched upon. The principles involved in 
the various processes are clearly explained and the standard in- 
dustrial practices are so completely covered as to leave little more 
to be desired. There is a well-selected bibliography at the end 
of each chapter. Many definitions, equivalents, conversion fac- 
tors, and tables are arranged in 28 pages of appendix. 

There are 18 chapters which cover source and character of sup- 
ply; the nature and significance of impurities present, whether 
dissolved minerals, gases, turbidity, or microorganisms; water 
requirements and type of treatment required for various indus- 
tries; boiler feedwater practices; chemical feeder characteristics; 
removal of suspended matter, turbidity, and color; coagulation 
and filtration; methods of iron, manganese, and silica removal; 
softening and demineralizing methods. 

Many water analyses are tabulated to illustrate the wide varia- 
tions in quality of sources of supply. These analyses have been 
recalculated so that all constituents, even to nitrate and bromide, 
are expressed as calcium carbonate. The tables of conversion 
factors in the appendix will be welcome to many who will wish to 
think of nitrate or bromide as such rather than their equivalents 
of calcium carbonate. One wishes that space had been devoted 
to methods of analysis for constituents other than dissolved 
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gases. The titration method for determining free carbon dioxide 
is given in detail. In view of the importance of pH in relation 
with water treatment problems some discussion of this would 
have been desirable. 

The chapter on water requirements and necessary treatment for 
various industries is very complete. The classified listing of 
water-treating equipment and types of equipment used ip 
various industries will be valuable not only to students and cop. 
sultants but also to engineers of city water departments. Chemi. 
cal feeders are classified and each type of machine is described 
along with its advantages and limitations for the job to be per. 
formed. The basic principles of coagulation are discussed as 
well as the properties of those chemicals used as coagulants, 
The zeolite process of softening is quite complete. This is fol. 
lowed by an excellent discussion on hydrogen-cation exchange and 
demineralizing processes including mixed bed demineralization, 
Both hot and cold lime-soda softening processes are described, 
from early conventional methods to the newer catalyst methods, 
The final chapter on silica removal will bring the reader up to 
date in important methods of treating waters for high-pressure 
boilers. 


HENRY C. MYERS 
CaLirorNniA WaTER & TELEPHONE COMPANY 
NaTIONAL City, CALIFORNIA 


s ANALYTICAL CHEMISTRY OF THE MANHATTAN 
PROJECT 


Editor-in-chief: Clement J. Rodden, New Brunswick Laboratory, 
U. S. Atomic Energy Commission. McGraw-Hill Book Co., Inc,, 
New York, 1950. xx+748pp. 15lfigs. 68tables. 16 x 235 
cm. $6.75. 


THE wartime Project made unusual demands upon its analyti- 
cal chemists. Not only were many of the rarer elements studied 
with a new intensity and in novel combinations, but trace con- 
centrations of all sorts acquired a new importance because of the 
high neutron absorption cross section of many otherwise harmless 
contaminants. The whole analytical literature of such elements 
as thorium and uranium was most thoroughly sifted and in this 
book has been largely rewritten as a result of Project studies. In 
the first part of the book about 200 pages are devoted to uranium 
and thorium and 300 more to the rest of the individual elements. 
The remaining 250 pages discuss special analytical laboratory 
equipment and techniques. This section is illustrated with dia- 
grams and photographs of special Project apparatus. The book 
as a whole serves as a most useful supplement to such works a 
Hillebrand and Lundell’s “Applied Inorganic Analysis.” 


NORRIS F. HALL 
University oF WISCONSIN 
Mapison, Wisconsin 


® FLOW MEASUREMENT WITH ORIFICE METERS 


Reid F. Stearns, Robert M. Jackson, Russell R. Johnson, 
and Charles A. Larson, Standard Oil Development Co. D. 
Van Nostrand Co., Inc., New York, 1951. xviii + 350 pp. 160 
figs. 26 tables. 18.5 X 26.5 cm. $7.50. 


Tuts book is one of “The Esso Series” and is primarily di- 
rected to engineering, technical service, and instrument groups 
concerned with process control, test work, and plant start-ups 
in the petrolum industry. It does a good job of collecting i 
one book all of the information necessary for the practical 
application of orifice meters, although the physical data pre 
sented are for the most part limited to fluids found in petroleum 
refining. A number of example calculations worked out in de 
tail may be of interest to students. 


RICKLIN 
Brown UNIVERSITY 
PRovIDENCE, RuopeE 
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A SERIES OF MONOGRAPHS 


ARNOLD WEISSBERGER, Consulting Editor This series is in active 
 publiohed preparation and a spe- 

cial reduced rate is 
SIX-MEMBERED HETEROCYCLIC COMPOUNDS offered to subscribers to 


with FOUR CONDENSED RINGS the entire series. 
By C. F. H. ALLEN, Eastman Kodak Company, Rochester, New York ———e 
358 pages, 7 illus., 40 tables $10.00 


INDUSTRIAL OIL and FAT PRODUCTS 
By ALTON E. BAILEY, Director of Research, The Humko Company, Memphis, Tennessee 

Second edition, completely revised and augmented. 

992 pages, 164 illus., 133 tables $15.00 


CRYSTAL STRUCTURES 
By RALPH W. G. WYCKOFF, Laboratory of Physical Biology, National Institute of Health, 
Bethesda, Maryland 
This set will be completed in three volumes. 


Just published! 
VOLUME II: 253 text pages, 74 illus., 256 pages of tables, with binder $10.00 
FIRST SUPPLEMENT TO VOLUME I: 72 text pages, 64 pages of tables $4.00 


stleo avatlalle/ VOLUME |: 256 text pages, 66 illus., 122 pages of tables $8.00 


THE PECTIC SUBSTANCES 
By Z. I. KERTESZ, New York State Agricultural Experiment Station, Cornell University, Geneva, New York 
Approx. 640 pages, 46 illus., 66 tables $13.50 


THE CHEMISTRY and TECHNOLOGY of FOOD and FOOD PRODUCTS 
Edited by MORRIS B. JACOBS, Adjunct Professor of Chemical Engineering, Polytechnic Institute of Brooklyn. 
Second completely revised and augmented edition in three volumes. 


VOLUME |: 858 pages, 78 illus., 110 tables $12.00 


Dust published! 


VOLUME II: 964 pages, 54 illus., 897 tables $15.00 


[0 be published in Fall, 1951! 


VOLUME Ill: approx. 760 pages, 175 illus., 62 tables $15.00 


ENCYCLOPEDIA of CHEMICAL TECHNOLOGY 
Edited by RAYMOND E. KIRK, Head, Department of Chemistry, Polytechnic Institute of Brooklyn, and 
DONALD F. OTHMER, Head, Department of Chemical Engineering, Polytechnic Institute of Brooklyn. 
Assistant Editors: Janet D. Scott, and Anthony Standen 
Complete in twelve volumes. The subscription price is $25.00 per volume. 


Just published! VOLUME VII: Furnaces — Jute 


Detailed description on request. 


All books available on approval. Write for our latest catalog. 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, N. Y. 
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... for rapid, accurate preparation 
of Volumetric Solutions. 


... Laboratories requiring speed and accuracy are 
using Acculute with excellent results. 


Filter Papers 


for 


Chromatography 


Paper partition chromatography has 
shown a dramatic advance as an ana- 
lytical tool of far reaching importance. fj 


WHATMAN Filter Paper No. 1 has 
been recommended by many workers; ff 


others have chosen No. 4 since it is 
more porous and the solvent travels 
faster through it. The acid washed 
grades are finding favor particularly 
when chromatograms are developed 
with ultra violet light while the 
hardened grades Nos. 50,52 and 54 
have advantages for some work. 


ACCULUTE SAVES TIME — Open the ampoule — transfer the con- | y 
tents to a volumetric flask — dilute to volume (1000 ml) —your 
volumetric solution is prepared. 
ACCULUTE IS RELIABLE — Close control of the special manufac- 
turing processes insures uniformity of the product. Acculute 
not vary in chemical content — you can depend on it. 

ACCULUTE IS ACCURATE — Each ampoule contains the precise 
concentrated equivalent of the normality stated on the label. | 
There is no need for subsequent standardization. 

Caustic solutions are supplied in wax ampoules, others in 
chemically resistant glass. 

Complete instructions for preparing Acculute solutions are 
furnished with each unit. 

A special bulletin, listing Acculute concentrates with prices 
and discounts will be sent on request. 


A relatively new development is the 
production of cellulose powder for 
column chromatography. This powder 
has a very low content of metallic ions 
and when properly packed is remark- 
ably free from channeling. 


Somples of filter paper and powder 
are available without charge, why not 
send for them today. 


Accurate | | 


Accutint is simple to use — just place a strip of the paper in contact 
with the substance to be tested and compare the color of the ex 
portion with the master colors on the vial. Z 
Accutint is rapid—it gives immediate results—no calculations are 
necessary — visual color comparison indicates the pH value. 
Accutint is accurate—to 1 Se in the wide range paper and to 
0.3 pH in the fractional range. Wide range papers are recommended 
pH value not to be within the of a frac- 
tional range paper. Fractional range papers are used for greater ac- 
curacy after A r has been determined. 
$-65277 ACCUTINT TEST PAPERS. Packed in glass vials, each vial 
contains five pads or 100 strips. Color chart instructions are in- 
cluded with each vial. Per Vial ¥ 
Per 72 Vials 10% Discount 
$-65278 MASTER COLOR CHART. Illustrates color standards and read- 
ings for every pH value in each of the twenty-three wide and frac- : pes. 
tional ri . Chart helps in the selection of the most suitable ranges 
or papers for a specific purpose. Each $1.00 
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SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 
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4 OF THE MORE THAN 3400 EASTMAN ORGANIC CHEMICALS 


Bargain eee 
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Methylcholanthrene (Eastman 4383) is a 
carcinogen. It’s important, but the world 
requires no great quantity of it. We make 
it in a 7-step synthesis that takes 2 or 3 
months because each step must be com- 
pleted before the next one is started. It’s 
not the sort of item with which one goes 
“on stream.” That’s why, even though 
we start from relatively inexpensive ma- 
terials, we must currently price the prod- 
uct at about $8 per gram. People thus set 
free to devote their time more directly 
toward their research objectives regard 
it as a bargain. 


Smelling with alarm... 
CH;(CH;);SH 


n-Butyl Mercaptan (Eastman 437), “syn- 
thetic skunk oil” in lay language, is a 
highly purified compound as we supply 
it, od in demand by researchers in 
these days of important industrial adven- 
tures in mercaptan chemistry. Neverthe- 
less, a minor but interesting fraction of 
our Output goes to people who want it for 
its prodigious stench alone. For “‘sound- 
ing” alarms in mines too noisy for audi- 
tory signals, a little bit of it introduced 
into the air lines has been found to pene- 
trate quickly into the inner conscious- 
ness of every man-jack. We also found a 
small market for n-butyl mercaptan in 
driving rats off property, on the principle 
that the rodents associate it with their 


Eastman 


natural enemy, the skunk. The circum- 
stances under which the aroma of n-butyl 
mercaptan would be preferred to rats are 
probably very special. 


Phenol in the river... 
Vitamin C in the can... 
Cl 
>=NCl 
cl 
2,6-Dichlor 7 bl ide (Eastman 


2483) is a reagent used in testing for 
phenol in stream pollution investiga- 
tions. We'll be glad to send you a proce- 
dural abstract that tells how it will detect 
as little as one part of phenol per billion 
parts of water. It works by formation of 
an intensely blue compound which hap- 
pens to be the base of: 


Sodium 2,6-Dichlorobenzeneindophenol 
(Eastman 3463), a reagent much used for 
the determination of ascorbic acid in 
vegetables before canning. If you’re in 
the food business rather than the pollu- 
tion control business, we shall be equally 
happy to send you an abstract of the pro- 
cedure described for that. 


Don’t forget, there are more than 3400 
other organics available to you from 
Eastman. Chances are the ones you need 
are in our List No. 37. If you don’t have 
a copy, there’s one waiting for you at 
Distillation Products Industries, Eastman 
Organic Chemicals Department, Roch- 
ester 3, N. Y. (Division of Eastman Kodak 
Company). 


Organic Chemicals 


for science and industry 


Also...vitamins A and E... distilled monoglycerides... high vacuum equipment 
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a b Cc the only new type 


stirrup arrestment* 


So many are claiming newness, we suggest a 
careful comparison, before investing in new 
balances. 


Refinements occur regularly, but a basic new 
principle has been engineered by ABC. 


ABC has given you, what no other maker has 
to offer—a stirrup arrestment that eliminates 
pointers kicking and the beam releasing im- 
properly. This and its inherent construction 
guarantees no dust or atmospheric sediment 
lodging in the contact points as happens in the 


TYPE AN-2012 with vinyl cover.......... 


200 Gram Capacity 60 Mg. Sensitivi 
Consult your Dealer for ABC Analytical, 
Semi-Micro and Heavy Capacity Balances 
to meet your requirements. 


408 POTTER AVE., NEW ROCHELLE, | 


RARE INORGANIC a 
CHEMICALS 


Headquarters for largest listing 
of Chemicals An 
and Allied Products nto 


AMEND DRUG & CHEMICAL Co., INC. rom 
117-119 East 24th Street New York 10, N. Y. 
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The Macbeth Corporation, Newburgh, 
New York, has announced the Macbeth- 
Ansco Color Densitometer, a sensitive 
precision photometer permitting measure- 
ment of color densities in narrow spectral 
ranges, as well as visual densities over an 
unusually wide range. With accessory 
equipment reflection densities of opaque 
samples and transmission densities of 
liquids can also be measured. The in- 
strument is described in Bulletin No. 144. 


A highly efficient detergent, com- 
pounded especially for cleaning glass, 
porcelain, and metal laboratory ware, has 
been announced by the Arthur H. Thomas 
Co., West Washington Square, Philadel- 
phia 5, Pennsylvania. 

The compound (No. 3298) is in the form 
of a free-flowing white powder, rapidly and 
completely soluble in hot or cold, hard or 
soft water to produce buffered washing 
solutions of 9.0 pH. Effective action is 
obtained against oils, waxes, organic resi- 
dues, dried blood, ete. The washing 
solution remains free from scum and the 
_ surfaces of the glassware are film- 


Millivoltmeter 


An indicating millivoltmeter that con- 
tains a galvanometer unit, providing 
and accuracy, has been 
introduc y Minneapolis-Honeywell 
Regulator Co. 

The unit is comparatively free from the 
effects of vibration. It can be actuated 
by thermocouples and Radiamatic py- 
fometers, tachometers, resistance ther- 
Mometers, or any source of millivoltage. 


Remote Pipet Control 


The production of a remote pipet con- 
trol has been announced by Nuclear Re- 


search and Development, Inc., 1094 
Sutter Ave., St. Louis 5, Missouri. This 
instrument, designed for use with radio- 
active liquids, performs all the necessary 
pipet operations without the necessity of 
handling the pipet at any stage. 


New Gas Data Book 


The Matheson Co., Inc., of East Ruther- 
ford, New Jersey, has just published the 
second edition of their gas data book cover- 


ing 61 different gases. It describes the 
properties, toxicity, safety devices, pre- 
caution in handling, and recommended 
controls for each gas. Several new fea- 
tures have been added including a cylinder 
valve outlet chart and temperature pres- 
sure charts for 29 different gases. Price of 
the book is $2.00 per copy. 


Spectrochemistry 


“Spectrochemistry—a long title for a 
short story” is a brief, simple description 
of this method of analyzing with light. It 
was produced to familiarize people quickly 
with the principles of spectrochemistry. 
The diagrams, in full color, were designed 
primarily for educationa] rather than sales 
purposes. This folder will be of value to 
teachers, chemists, technologists, and stu- 
dents interested in either Clinical or In- 
dustrial spectrochemistry and colorimetry. 
Copies of this bulletin, No. 118-139, 
are available upon request from Coleman 
Instrument Inc., Maywood, Illinois. 


LABORATORY aips 
You Shouldn’t Be Without 


TYGON TUBING 


No one likes to work in the dark. That's 
why lab technicians everywhere prefer 
clear, flexible Tygon Plastic Tubing, the 
recognized world’s standard! They can 
see what goes on. They like the freedom 
from contamination worries, too, for 
Tygon is non-toxic. Its angle worm flex- 
ibility simplifies set-ups. Tygon Tubing 
can be thoroughly cleaned (even ster- 
ilized) easily and quickly ... makes for 
economy in use. Your laboratory supply 
dealer carries Tygon Tubing in stock in 
all popular sizes. Better put in a stock 
now. 


Any lab looks better, 


U. S. 


PLASTICS & SYNTHETICS DIVISION e 


3 es bet- 
~ ter when equipment, walls and 
ceiling are painted with Tygon 
corrosion-resistant plastic Paint. 
Series “K” Tygon Paint is made 


easily by brush or spray without 
any unconventional surface prepa- 
ration. The wide range of colors 
will meet almost any decorative 
requirements. Ask your laboratory 
dealer. about Series “K” Tygon 
Paint. Try it. You'll like it. 


‘‘PROTECTO-GRIDS”’ 


Glass breakage costs mount up. 
A Tygoflexed “Protecto-Grid” in 
the bottom and on the drain 
boards of your laboratory sink 
will pay for itself very quickly. 


from the same resins as The soft, resilient Tygoflex cover- 
Tygon Tubing . . . doesn’t ing absorbs shock —saves valu- 
require a primer... goes on able glassware, reduces accident 


hazard. The tough, long-wearing 
plastic shrugs off laboratory cor- 
rosives. “Protecto-Grids” are made 
in a range of sizes to fit all stand- 
ard laboratory sinks. Your labora- 
tory supply dealer can tell you all 
about them. 
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Wixing Actions 


-«.an action that may give you 
the better mixing you must have 


Combine the unique folding-in action of 
the angular mixing arm with the rotational 
movement of the change can and its con- 
tents and you get unusual mixing action. 
One section of the arm, as it rotates,passes 
close to the bottom driving the materials to 
the top and when it reaches the top forces 
material downward again. Another section 
of the mixing arm sweeps the sides of the 
can with a rotational movement. The third 
section cuts through the charge in the can, 
with an eccentric like motion. While all this 
is going on, the can itself is rotating on the 
power driven turntable, resulting in the 


Interlingua 


1. Le pé 


Dr. Austin M. Patterson has called oyC°™PTe 
attention to the activities of the Inte.Nato™ 


national Auxiliary Language Association 
(LALA), 420 Lexington Ave., New York 
17, New York which is advocating a ney 
auxiliary language, Interlingua. Dr, Pat. 
terson, who has followed closely the efforts 
to establish an international language, feels 
that “Interlingua” differs from other artif. 
cial languages devised by individuals jp 
that it is the result of a scientific search for 
a usable common vocabulary in our naty. 
rallanguages. He says: “‘For many year 
IALA has conducted an analytical study 
of some of the Western languages mos 
important for science, with a staff of 
specialists and with the aid and advice of 
prominent linguists in this country and 
abroad, in order to isolate the common 
element.” 

IALA has just published an “Inter 
lingua-English Dictionary’’ scon to be 
followed by an English-Interlingua part. 

Thinking that our readers may be inter. 
ested in a sample of the language, we are 
reproducing the Interlingua version of the 
“History of UNESCO,” translated from 
the ‘‘Dictionary of International Scientifi 
Organizations.’’ See how easily you can 
understand it! 


IN NOVEMBRE 1942 le ministros de educa- 
tion del governamentos alliate conveniva 
in London sub le presidentia del ministro 
de education de Grande Britannia. Iste 
convention deveniva permanente, e de 
1942 a 1945 le conferential del ministros 
alliate de education studeva un programma 
de rehabilitation educational e cultural in 
le paises occupate. Le conferentia con 
cludeva que in illo esseva le embryo del 
futur organisation international de educa 
tion, e que un de su deberes esserea le 
amination del possibilitate de facer uw 
practic de un tal organisation post ke 
guerra. Inter le duo guerras un simile or- 
ganisation habeva existite, a saper, le lr 
stituto International de Cooperation It- 
tellectual, le qual dependeva del Societate 
del Nationes e persequeva le meme fines. 
In le anno 1944 le governamento del States 
Unite decideva se etiam de participar pos 
le guerra in le reconstruction educational 
del paises devastate. A fin de render clat 
su intention, illo decideva se de collabora 
sin retardo in le labor del conferentia de 
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Effect produced by repetitive elimination of any dead spots or localized ministros alliate de education. In apr 
photographs of model of the whirlpools. Tests and production results on 1944 le conferentia declarava que 1 

mixer arranged to combine many different products bear out this point. | atemente post le stabilimento del pace le 

whirling action of the mixing Mixing is thorough and fast. | Nationes Unite deberea instituer un oF 

arm with rotation of can. Note ganisation per restaurar le medios de edv- 

how thoroughly the entire space The Troy Angular Mixer is available in two cation e le hereditage cultural in le pais 

occupied by the batch is cov- production sizes: 40 and 60 gallons. Sev- | devastate. Le Carta del Nationes Unile— 

ered by the agitator. eral sizes of motors are available, the selec- ' Alicum menses ante le conferentia de Sa 

tion depending upon the nature of materials | Francisco le representantes de vinti repub 

being mixed: light motors for liquids and _ licas american que habeva convenite 

semi-pastes; larger up to very heavy motors | Chapultepec (Mexico) in februario e mar 

for heavy and extremely viscous materials. | tio 1945, habeva adoptate un resolution 

The design is such that when mixing is com- | concernente le utilitate del creation de 

pleted, the whole mixing mechanism can | institution international specialmente T 

be tilted back to permit removal of the can. | sponsabile pro incoragiar le cooperatil 

intellectual e moral inter le nationey 

ropositiones in le assemblea genera?’ 
Process Machinery Division te Unite que conveniva le prime 
TROY ENGINE & MACHINE ¢o. vice in San Francisco. Finalmente le 
semblea approbava unanimemente uD 
3000 RAILROAD AVENUE + TROY, PENNSYLVANIA claration francese con le senso sequentel 
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I. Le pace mundial] debe esser basate super 
omprehension e accordo mutual; II. Le 
Nationes Unite debe assecurar que le cul- 


ura essera accessibile a omne homines; 


III. Il es le deber del Nationes Unite de 
facilitar le excambio e le dissemination de 
information concernente le varie aspectos 
de lor vita national.—Le declaration fran- 
cese proponeva etiam que le Nationes 
Unite debeva convocar promptemente un 
conferentia general a fin de minutar le 
statutos de un organisation international 
de cooperation intellectual. Supportate 
tanto per organisationes private tal que le 
consilio american de education como per le 
yarie organos del Nationes Unite iste pro- 
jectos resultava finalmente in un initia- 
tiva conjuncte del governmentos francese 
ebritannic. Le duo governamentos invi- 
tava omne statos que esseva membros del 
Nationes Unite, a inviar representantes a 
un conferentia convocate a fin de crear iste 
organisation de cooperation intellectual. 
le conferentia habeva loco in London del 
prime al dece-sexte de novembre 1945; a 
illo assisteva le representantes de quar- 
anta-quatro governamentos e observatores 
delegate per le plus importante organisa- 
tiones intergovernamental. In duo septi- 
manas le conferentia de London poneva se 
de accordo concernente le texto que de- 
veniva le constitution de UNESCO. Ante 
le clausura del conferentia de London il 


rfesseva decidite de convocar in Paris le 


proxime anno le prime session del confer- 
entia general que debeva instituer le or- 
ganisation officialmente. In novembre 
1946 delegatos e observatores de quaranta- 
septe nationes conveniva in Paris que 
habeva essite selegite como le permanente 
quartiero general del organisation. Trenta- 
septe nationes ratificava su constitution 
immediatemente. UNESCO habeva defi- 
ritivemente venite al mundo. Ab iste 
ampore le numero del statos membros 
habe crescite a cinquanta-nove. Le con- 
ferentia general de UNESCO ha jam con- 
venite cinque vices. Le prime session in 
Paris in novembre 1946 minutava un pro- 
gramma initial del labor e appunctava Dr. 
Julian Huxley como director general de 
UNESCO pro un periodo de duo annos. 
Le secunde session habeva loco in Mexico 
City in novembre e decembre 1947. Le 
director general presentava un reporto 
super le labor initial de UNESCO. In su 
tertie session in Beirut in decembre 1948, 
proque le officio de Dr. Juhan Huxley 
habeva arrivate a su fin, senior Jaime 
Torres Bodet, le ministro del extero de Mex- 
1c0, esseva eligite como director general pro- 


“}8xannos. Le quarte session habeva loco in 


le domo de UNESCO in Paris in septem- 
bre 1949. Le quinte session habeva loco 
in Florentia in le anno 1950. 


“Counters’’ 


_ A four-page folder entitled “Counters” 
s available from the New York Univer- 
sity College of Engineering, Bureau of 
Public Information, New York 53, New 
York. This illustrated folder explains 
the behavior of electrons, positive ions, 
on clouds, impulses, and the elements 
of the Geiger counter. Another section 


deals with penetration and decaying cosmic 


tty particles. Data are also given on 
special counting circuit arrangements. 


Determination of Carbon 


The Burrell Combustron, an electronic 
instrument for the rapid and accurate 
determination of carbon by combustion, 
has been announced by Burrell Corpora- 
tion, 1942 Fifth Ave., Pittsburgh, Penn- 
sylvania, and is described in its Bulletin 
No. 319. Some of the features included 
are instant heating, rapid analysis, visible 
combustion, a Vycor reaction tube, and 
availability in one or two tube models. 


The Care and Handling of Glass 
Volumetric Apparatus 


A new booklet discussing the proper 
handling, care, and calibration of volu- 
metric glassware has just been released by 


Kimble Glass, Division of Owens-Illinois 
Glass Company. 

Titled ‘“‘The Care and Handling of Glass 
Volumetric Apparatus,”’ this publication 
was months in preparation and contains 
accurate basic information for scientific 
and clinical laboratories and for advanced 
students in chemistry. 

A total of 16 colored figures and 6 tables 
describe such things as: systems of 
weights and measure, cleaning apparatus, 
reading the meniscus, gravimetric and 
volumetric calibration, and the drainage 
time of burettes and pipettes. The booklet 
is divided into four chapters. 

Copies of this publication may be had 
without cost or obligation by writing 
Kimble Glass, Box 1035, Toledo 1, Ohio. 


YOUR SCHOOL LABORATORY 


will benefit substantially from these 
SUPERIOR FEATURES OF METALAB EQUIPMENT 


@ Modern, interchangeable “Sectional Units” @ Built of indestructible 
steel and stone @ Fireproof, waterproof, corrosion resistant, saniiary 
@ Exclusive 7-point “Metcote” Protection. 

@ Though designed especially for schools, this equipment is of the same 

quality as that used in many of the finest industrial laboratories. 


IT’S TIME TO MODERNIZE WITH 


METALA 


LABORATORY 


Down-to-Earth ECONOMY 


240 DUFFY AVE., HICKSVILLE, L.I., N.Y. 
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VISCOSITY READINGS 
IN THE RANGE OF 
0-10 CENTIPOISES. 


WITH 


THE UL ADAPTER FOR THE LV 
MODELS OF THE BROOKFIELD 
VISCOMETER 


A SPECIAL ATTACHMENT THAT 
MAKES POSSIBLE EXTREMELY 
PRECISE MEASUREMENTS IN 
ULTRA-LOW VISCOSITY RANGES 


THE UL ADAPTER CONSISTS ES- 
SENTIALLY OF A CYLINDRICAL 
SPINDLE MOUNTED SYMMETRI- 
CALLY WITHIN A CONCENTRIC 
TUBE. WHEN ATTACHED TO LV 
MODELS OF THE BROOKFIELD VIS- 
COMETER VISCOSITIES WITHIN 
THE RANGE OF 0 TO 10 CENTI- 
POISES, REPRODUCIBILITY 
WITHIN .02 CENTIPOISES IS OB- 
TAINABLE. 


WRITE PHONE SHERWOOD 2-1123 
FOR ADDITIONAL INFORMATION. 


Industry and Science 


Apparatus and Chemicals fer. 


Certified Buffer Solution 


For your pH Meter . . . at $1.88 per liter! 


Each Coleman Certified buffer Tablet makes 100 
ml of FRESH liquid buffer solution .. . for cali- 
bration of ANY pH meter! 


Tablets keep indefinitely. Order a few vials 
. any pH value from 2.90 pH to 11.80 pH, 
in steps of 0.20 pH—SPECIFY CAT. NO. JC-7, 


| LABORATORY SUPPLIES AND CHEMICALS> 
WILKENS ANDERSON C0. 


4525 W. DIVISION ST CHICAGO 51 ILLINO|S 


ELECTRONICALLY REGULATED 


LABORATORY 


POWER SUPPLIES 


MODERATELY 
PRICED 


PEPTEETER © INPUT: 105 to 125 VAC, 50-60 cy 


STANDARD - @ OUTPUT #1: 200 to 325 Volts DC at 
RACK 100 ma regulated 
ie — @ OUTPUT #2: 6.3 Volts AC CT at 3A 
PANEL SIZE unregulated 
x 19" 
RIPPLE OUTPUT: Less than 10 mill 


For complete information write for Bulletin H-8 


ELECTRONS 
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ILLINOIS 


Inserting  4-inch stirrer-propellors 
through narrow-necked flasks and similar 
vessels is a problem that is solved by use of 


anew Umbrella Stirrer which has four 
tainless stee] blades that can be closed to 
fs through the neck of a flask, then 
@ened for maximum stirring effective- 
Me. They can be twisted while within 
ie flask, producing a wide variety of 
hearing actions. The stirrer is manu- 


factured by Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Pennsylvania. 


Electronic Thermometer 


A new electronic resistance thermometer 
less expensive than nonelectronic com- 
plete resistance thermometer equipment, 
has been introduced by the Emil Greiner 
Co., 20-26 North Moore St., New York 13, 
New York. 

Employing a new resistance bulb in 
which a tungsten coil is sealed in solid 
pyrex glass or molybdenum in solid quartz, 
the thermometer provides rapid response. 
A new principle in the balancing bridge 
simplifies calibration so that the instru- 
ment is practically direct reading. It 
measures temperatures to 1000°C. with 
an accuracy of 0.1° and a sensitivity of 
0.01°. 


Demineralizer 


The Bantam Demineralizer, produced 
by Barnstead Still & Sterilizer Co., 2 
Lanesville Terrace, Boston 31, Massachu- 
setts, is equipped with a direct reading 
meter which indicates water purity. The 
instrument is calibrated in parts per mil- 
lion and also in ohms. 


Hand Spectroscope 

Laboratory Equipment Co., 526 Fol- 
som St., San Francisco, California, has 
announced a hand spectroscope with a 
comparison prism, enabling spectra to be 
examined from two sources simultane- 
ously. The instrument has a high-quality 
slit and adjustment, with a 10° dispersion 
prism arrangement. 
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Ihe Bowen Laboratory Spray Dryer 


---MEETS ALL REQUIREMENTS FOR: 


SMALL LOT PRODUCTION OF VALUABLE MATERIALS 
AND LABORATORY RESEARCH AND DEVELOPMENT 


Hinged Chamber open for cleaning 


The Table Model is “scaled-down” 
from Bowen commercial spray dry- 
ets. The unit can be used for actual 
small lot production or tor test 
work where data obtained is used 
for design of production units. 


Since 1926 Recognized Leader in Spray Dryer Engineering 


1. EASY TO CLEAN — Hinged 
chamber can be opened for washing 
or brushing. All ducts are flanged and 
fastened by quick-opening wing nuts 
to make cleaning easy. 


2. SIMPLE TO OPERATE — Engi- 
neered for ease of operation—air tem- 
peratures are controlled automatically. 
Requires space of only 3’ x 6’. 


OBSERVATION 

OF PRODUCT 

FORMATION 
Two viewing ports 
are provided — one 
at atomizing level, 


the other near cham- 
ber fluor. 


ENGINEERING, INC. 


NORTH BRANCH 11 
NEW JERSEY - 
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MICRO quantities (0.1 cc. of serum). 


possible a complete analysis within 
1% hours from start to finish. 


1D mm only instrument that gives a 


picture of distribution of refractive 
index over the entire horizontal 
cross-section of the cell. The LK 30 
uses interferometry*. 


*Ref. — L. G. sworth, Anal. Chem., 
p. 346, Feb. is? 


Get the full details about 
the Kern LK 30 by writing 
for complete literature today! 


KERN COMPANY 
5 Beekman St.. New York 38. N. Y 
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Cholesterol Esters; Circula- 


tory Clupein; s-Collidin; Columbium Chloride; 


lycinate; Dehydroascorbic 


Acid; 


Glucoside; Desthiobiotin; Dialuric Acid; 

Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
losuccinic Derivetives; Enzymes; Equi Equilin; Erucie Acid; 

dl-Ethionine; etraacetic Acid; thylpyridinium 


ide; Fr: 


Gitoxin; Glucoase Acid; Gluco- 


sides; Glucuronides Phosphate; Giycylglycyiglycine 
Glyevileucine, Glyeyltry Glycyl Heparin; Hexo- 


Acid; Menthol Glucuron- 
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id 

juice Acid; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetete; Sehi 

Sulfequinoxaline; Tantalum Chloride; 0-Ter- 


Tocopherol Ph Tocopherol Phosphate 


Unsolie Acid; Vi 


Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


‘ 

a 


FOR TURBIDITY MEASUREMENTS, 
SULFATE DETERMINATIONS, AND 
SPECIAL APPLICATIONS 


Modern in design and oper- 
ating principle, the Hellige Tur- 
bidimeter does not require 
standard suspensions or long 
cumbersome tubes. Accurate 
readings can be made rapidly 
by those without technical 
training. 

Precise determinations are 
performed in the ranges of zero 
to 150 p.p.m. SiOz and zero to 
100 p.p.m. SO4. Higher values 
are determined by diluting the 
specimen. 


Que a u 


BUFFER TABLETS 


PRECISE ... Coleman Buffers are accurate, because they are 
always fresh. These dry tablets can't deteriorate and change 
pH as liquids do... Certified Buffer Tablets are accurate to 
0.02 pH at all times... available from 2.00 pH to 11.80 pH 
in steps of 0.20 pH... each tablet makes 100 ml of buffer, 
CONVENIENT. .. You can store a wide range of Buffer tablets 
in a small space... have fresh, accurate buffer always at hand, 
ECONOMICAL . . . Low initial cost, and freedom from spoilage 
make Coleman Certified Buffer tablets the economical, depend. 
able way to use buffers. 


For full details write for Bulletin BB-205 


Volcanus 


Combustion Tube 
For economical service in 
industrial laboratories 


Unglazed throughout. Thoroughly 
vitrified and impervious to gases. 
Suitable for high temperature com & 
bustion use. 

May be used to 2900° Fahrenheit, and 
over, depending upon the load, span 
and time interval. 


Excellent for carbon and sulphur 
determinations... 


i Inside Outside Well Overall Lengths 
Size Diameter Diameter Thickness 24in. 27in. 33in. 
No. inches Inches Inches Price each 


1 x" 55" $6.25 $ $7.85 $ $ 
V6" 6.80 8.40 
7.10 7.85 865 9.40 1050 

3A 7.35 8.40 9.15 10.20 11.0 
4 1%" 133" 7.85 10.20 

4A 1%" 1%" 8.90 11.50 

Tubes of 24” overall length; lengths of reduced end 2-3 16 inches 
Tubes of 30” overall length; lengths of reduced end 3-1 8 inches 
Outside diameter of constricted end 3 8 inches. 


‘Coors PORCELAIN COMPANY 
COLDEN, COLORADO 
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No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 


particularly useful in determining very small 
amounts of these substances. 


LETT SCIENTIFIC PRODUCTS——— 


| ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
| ETERS e GLASS STANDARDS e KLETT REAGENTS 


and stability are such that it has been found 


wall K Jett Manufacturing Co. 


| '79 EAST 87TH STREET, NEW YORK, N. Y. 


FLUORESCENCE ANALYSIS 
is a quick and 
reliable procedure 


Reliable procedures for the rapid testing of materials 
have been developed using selected wavelengths of 
ultraviolet radiations to cause fluorescence excitation. 
Many substances in solid, liquid, solution, tincture or 
mixture form show some kind of fluorescence under this 
radiation. This appears as a typical and curiously 
glowing light varying in color according to the material 
examined. The color is usually very different from that 
seen when the object is illuminated by visible radiations. 

Fluorescence testing is a broadly applied principle. 
Special ultraviolet lamps have been developed of 
which, the Hanovia Inspectolite is an outstanding 
example. It weighs but a few pounds, is small in size 
and generates a high intensity of useful radiations. 
The source is a 100 watt high pressure quartz arc 
contained in a hermetically sealed-beam glass reflector. 
The lamp is equipped with a filter that absorbs all 
radiations excepting the 3600-3700 A. waveband. 


USED IN WIDELY VARYING FIELDS 


This extremely rapid procedure has provided the 
scientist with a most useful method for making deter- 
minations such as: 

. . ascertaining the quality of foods such as meats, fish, 
cereals. 
. . . scientific crime detection. 
. .. the diagnosis of disease. 
: — control of products, e.g. riboflavin value in 


= the henson of ore deposits, e.g. uranium, tungsten, 
zin 
invisible marking for later identification. 
. . oil drilling, the presence of small amounts of petroleum 
products. 


Various technics have been developed which permit 
semi-quantitative determination. Included in these are 
capillary action and the use of high power microscopes. 

The fluorescence test has extremely wide possibilities 
of use much greater in scope than the isolated examples 
discussed. 


Send for complete information 
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WHAT’S NEW 
in the Second Edition 


& 


POLAROGRAPHIC METHOD OF ANALYSIS. 


By OTTO H. MULLER, Associate Professor, State University of 


New York, Medical Center at Syracuse University, Syracuse, N.Y, 


In revising ‘‘Polarographic Method of Analysis,’? the author added 
much new material making the second edition virtually a new book. 
It has been completely reset, revised and enlarged to 209 pages. Folr 
lowing is a list of some of the new material added to this edition: 


209 pp 


CHAPTER I 
CHAPTER II 
CHAPTER III 


CHAPTER IV 


CHAPTER V 
CHAPTER VI 


CHAPTER VII 


CHAPTER VIII 


Discussion of polarization, depolarizers, and sign of electrode potentials. 
Time saving apparatus and recording instruments and their wiring circuits. 


The analytical application of maximum suppression. 

Exaltation of current in absence of supporting electrolyte. 

Kinetic current and three possible ways in which it may be produced. 
Catalytic current and recent developments in this field. 


Electrode deposition of metals from complex metal ions. Reaction of 
organic compounds in unbuffered solutions and demonstration of buffer 
action. In this a suggestion is made about using the method of buffer 
action as a method of the quantitative analysis of non-electroactive sub- 
stance. Influence of temperature and solvent on the half wave potential. 
Reduction of hydrogen ions at the dropping mercury electrode. 


Polarometry is now treated as a separate chapter and has been extended. 


is completely new. It treats such recent developments as differential 
polarography, derivative polarography and oscillographic polarography. 
Also in this chapter are discussed newer developments in electrodes which 
are used for polarographic analysis, such as the multiple dropping mercury 
electrode, the knock-off electrode, and the streaming mercury electrode 
and various forms of platinum electrodes, such as the stationary and 
rotating platinum electrodes, and the by-pass electrode. 


is the old chapter 5, to which have been added method of standard addi- 
tion, method of step quotients, pilot ions, and their use, the electrolysis 
prior to polarographic analysis, the anomolous wave and the protein index. 


In this chapter are discussed the various factors which may cause irregu- 
larities in polarographic curves. Also given is the information which 


makes it possible to characterize any given electrode and to select a capil- . 


lary for a dropping mercury electrode with a desirable drop time and 
drop weight. 


An appendiz has been added in which are given the potentials of reference electrodes as well 
as a list of useful buffers for polarographic analysis. Finally, an inder has been added which 
should make the book much more valuable than its predecessor. 


illustrated 


Order your copy today from 


CHEMICAL EDUCATION PUBLISHING CO. 


PENNSYLVANIA 
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e@ Dihydroxyacetone 
e@ Gentiobiose 

e@ Glutaric Acid 

@ a-Ketoglutaric Acid 


KKK 


@ 3,5-Dinitrobenzoic Acid 
@ 2,4-Dinitrofiuorobenzene 
@ Toluene-3,4-Dithiol 

@ Orcinol 


... for university, college, indus- 
trial and research laboratories. 


Inquiries are cordially invited 


EASTERN 


CHEMICAL CORPORATION 


34 SPRING STREET, NEWARK 2,N. J. 
TEL. HUmboldt 2-6939 


| DAYLIGHT. 
FLUORESCENCE 
TESTER 


self-contained dark chamber—no need for 
or room darkening. 


Interchangeable end caps hold solid, liquid, powder, fused, or micro-slide speci- 

mens in viewing position under the 3-power focussing lens piece. Flashlight- 
operated model facilitates classroom use—can be passed easily from 

student to student. Weight, 2 Ibs., complete. 

Choice of filtered 2537 or 3650-63 A wavelengths with spectral analyses and 

transm curve supplied. Interchangeable 

wavelength. Choice of battery or 110-120 v A-C powered ¥ 

mercury-vapor discharge tubes are instant-starting, trouble free. Send for full 


MENLO RESEARCH LABORATORY 
Drawer H-1, P. O. Box 522, Menlo Park, California 
DEALER INQUIRIES INVITED 


«sca” AUTOMATIC BURETTES 
A turn of the stopcock delivers 
precise amount of desired liquid! 


Only when in actual use does a solution ever remain in an SGA Auto- 
matic Burette. 
thus, never becomes contaminated. 


It always returns by gravity to the reservoir bottle; 


SGA burrettes are precision graduated—guaranteed within tolerances 
set by the National Bureau of Standards. Made of ‘“‘Pyrex”’ brand glass, 
they’re convenient to use . . . simple to operate. 


Illustrated are two types—J-715 for acids, J-740 for alkali solutions. 


They differ only in that J-740 is equipped with drying tubes at each open- 
ing to the air. Ask for complete information. 


Burette Graduated Bottle J-715 J-740 
Capacity Intervals Capacity ¥ Joint Complete Complete 
2 mi. 0.02 ml. 1000 ml. 24/40 $17.55 $19.15 
0.05 1000 24/40 17.55 19.15 
0.05 1000 °° 24/40 17.55 19.15 
3” _ 1000 24/40 18.55 20.30 
* 2000 °° 29 /42 20.65 22.60 
100 02” 4000 ”° 29/42 27.55 29.80 


Available in amberized finish at slight extra cost; also in micro capacities. 


GLASS 


S 
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ACME Utility Constant 
Temperature Bath 


The economical price and the exclusive ACME designed fea- 
tures should be deciding factors in specifying the ACME Bath. 


FEATURES 


Constructed of 18-8 Stainless Steel, with 
No. 4 satin polished finish, © Easily ec- 
cessible control compartment on end, © 
Adequate insulation @ Long-life Heating 
Elements Rugged, hydraulic Thermo- 
stats accurate to + 0.5 C © Various types 
of covers available for diversified work. 


‘‘With commendable sim- 
plicity, directness, and 
common sense the author 
presents a plan for learn- 
ing, by self-instruction, to 
read the Russian chemical 
literature.”’ 
says Robert W. Auten 


he CHEMICAL AND ENGINEERING NEWS 
source of supply for 


CHEMICAL RUSSIAN SELF-TAUG 


Baths, Incubators, J by J. W. Perry 


Automatic Pipette 
Washers, Sterilizers, 
caancdinaal “THE excellent series of publications 
— which have appeared under this title at 
intervals during recent years in the 

JOURNAL OF CHEMICAL EDUCA- 

TION (1944-47) is now available in 


ment. 
catalog ‘ 
WN book form. A glossary of approximately 
CM u available ugh all recogn’ 
1,700 Russian technical terms has been 


ACME LABORATORY EQUIPMENT CO. added. 


506 W. 124th St, N. Y. 27, N. Y. 

“With commendable simplicity, direct- 
ness, and common sense, the author 
presents a plan for learning, by self- 
instruction, to read the Russian chemi- 
cal literature. He makes an earnest and 
convincing effort to dispel the all-too- 
common fears that the language is so 
difficult that only the specially gifted 
can learn to use it. 


ACME is a2 top 


Write Dept. L for our new 


The Life of 
Ina Remsen 


By Frederick H. Getman 


“... a pleasantly written and inter- “The book includes a clearly written 


esting biography of a great chemist.”’ 


Remsen’s test fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in detail and it de- 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex- 
pected it, as subsequent difficulties with the editor of the 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told. 
Seeing the elaborate bibliography of Remsen’s publications 
appended to this book we have the feeling, even after the 
pleasant hours spent in reading it, that most has not been 
made of the evolution of Remsen’s practical and theoretical 
work as seen against the background of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQUES 


outline of the salient features of the 
Russian grammar (supplementary study 
of a standard grammar recommended) 
and a detailed and copiously illustrated 
exposition of the systematic nomencla- 
tures of inorganic and organic chemis- 
try. Although there are no passages for 
practice reading, it is wisely recom- 
mended that the reading of ‘material 
relating to known subject matter—e.g., 
a beginner’s text in chemistry’ be started 
‘as soon as the barest rudiments of gram- 
mar have been learned.’ ” 

$3.00 


232 pages (Foreign $3.50) 


CHEMICAL EDUCATION PUBLICATIONS 


2008 NORTHAMPTON ST. EASTON, PA. 


Order your copy today. $3. posTPAID 
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EASTON, PA. 
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In Order To Serve You More Efficiently— 


ind 
hor we have now consolidated our manufacturing plant, labora- 
ra tories, sales and executive offices, in one large, modern, build- 


ing at 
to KEENE, NEW HAMPSHIRE 


where all correspondence, orders, shipments will be handled. 


n The selection of this location was due mainly to the ample supply of very pure water for treat- 
NEWS ing and processing our analytical filter papers, to the dustfree atmosphere and the clean, reli- 
able New England labor. 


AUG We hope that we shall have the pleasure of serving you from Keene and assure you of our best 
attention to your individual requirements. 


io | Carl SCHLEICHER & SCHUELL Co. 


le at 

| the Analytical Filter Papers of High Quality—industrial Filter Papers to Meet Ali Requirements of Plant 

CA- Processing Work—Special Papers for Use in Biological Procedures—wltra Filters for the Filtration 

e in of Colloids, Albumen, Bacteria, Virus—Special Membranes for Dialysis, Osmosis and Osmotic 

one Measurements in Molecular Weight Determinations. 

een 

KEENE, NEW HAMPSHIRE | 

| 

self- 

>mi- 

The LEITZ INDUSTRIAL ROUY-PHOTROMETER 

too- 

eal An achievement in accuracy, dependability, simplicity. 
Colorimetric absorption analysis, spells 

= greater accuracy and reliability in indus- 

the trial products control such as: 

udy 

ed) Water Supply Electro Plating 

rs Soil and Fertilizer Metallurgy 

Foods Tanning 

for Oils Dyestuffs 

om- Crop Control Die Castings 

rial Glass 

‘te ° 

wil Write for Bulletin 65 C 
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» 7 THE RUPP and BOWMAN COMPANY 
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315-319 SUPERIOR STREET - - TOLEDO 3, OHIO 
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APPARATUS CHEM ED BUYERS’ GUIDE cena 
APPARATUS SERVICES 
J ‘ N PLASTIC PAINT 
O icro Beakers primer. Shipped vial 400 psi 
L Pure can bl $1.85 ome 
E 
G Five gallons 416 N. Varney St. Burbank, California 
per Hour Lea et on Request 
e Price: $7.50 per Gross; Plastic Holder 
M ' ° $.50; or send $2.00 for 24 assorted 
O with Plastic Holder as illus- 
i ated. 
D — R. P. CARGILLE 
118 Liberty St. New York 6, N. Y. 


B-41650 New DEMINERALIZER 


with modern ion-exchange resins. 
Up-end raw water bottle on top, 
draw purified water from bottom. 


0 D SCIENTIFIC CO. 


PITTSBURGH 22, PA. 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT12. 
O.C.RUDOLPH & SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


| For The Chemist and Engineer 


when | 
Sturdy: Low Priced: Weight 12 Ibs. ae 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations gas or elec 
tillation 
Ask For Bulletin CQ-63 Seoenten | 
| labore 
SOLE DISTRIBUTORS FOR U.S.A ay 
IVAN SORVALL, INC. 
« 210 FIFTH AVE., NEW YORK 10, N. J. open 


of the 


-— DISCOVERY 


have made possible most of the material blessings which 


we enjoy today. 


A vast amount of information, all of it intensely inter- 


ELEMENTS 


Mary Elvira Weeks 


Nature’s primeval building materials, about ninety 
chemical elements, have been uncovered one by one 
through the ages by patient searchers in many lands. 
These discoveries are recorded for the most part in old 
chemical journals and letters, biographical dictionaries, 
and obsolete textbooks seldom read by the busy modern 
chemist. 


Present-day scientists are fortunate to have these scat- 
tered records now assembled in one compact, readable 
volume. Here for the first time the finding of the elements 
is told as a connected narrative. For the general reader, 
and for the chemist as well, scanning this book is like 
making a voyage through history, discovering many re- 
mote spots and elusive people. These fascinating ac- 
counts of scientific achievements not only inform the 
reader of momentous events but acquaint him with the 
life-stories of men and women whose indefatigable labors 


CHEMICAL EDUCATION PUBLICATIONS 


esting and as accurate as painstaking research can make it, 
is packed within these covers. 330 illustrations, many of 
them rare, provide a panorama of chemical history and 
add greatly to the value of the book. 


“For the beginner in science there are few books 
more suitable for collateral reading. . . . To older 
readers, a veritable treasure-trove of scientific in- 
formation.”’—Scientific Monthly 


“Unique in its class, scientific and broadly human- 
istic, scholarly and interesting.’”-—Tenney L. Davis 


“The author succeeds in presenting the tenseness 
which must have lain in the search for new ele- 
Matematik Fysik och 

m 


“Fascinating reading. . . . The chemists, ancient 
and lern, are made to seem alive.”—The 
Chemical Age 


“A treasure house for those who take pleasure in 
coming into intimate contact with the lives of great 
people. . . . It stimulates, encourages, and leads its 
readers on to a more careful study of science.” — 
The Science Teacher 


“Should be required reading for all college teach- 
ers. . . and on the reserve reading list of all other 
chemists.”"—Journal of American Chemical 
Society 


(Outside U.S.A. $4.50) $4.00 
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CHEM ED BUYERS’ GUIDE SERVICES 


a-flam- Surplus stainless steel oxygen tanks. Rated for may solve your problem! 
d vial 400 psi, nine gallon 12” dia. x 24” long, two Our policy is to encourage new, unknown writ- Mineralight’s magic “black light’ gives you in- 
pipe connections, 19 Ibs., ea. FOB. stant, on-the-job analysis of many fluorescent 
Also, 104 cu. in. stainless tank 5” dia. x 8” long, ne ~ noth gy ne ose phy materials undetectable by ordinary chemical or 
one 4” pipe connection, 124 Ibs., $5 ea. FOB you. Write for Free Booklet JC. Address re- physics methods, peovides now aggecech to 
ireland & Vice, Box 146J, Aubum, N. Y. quest to Mr. Charles Jed. jor oe laboratory and production inspecti 
problems. 
Ventage 290 W. dist Mow York 18 Five laboratory models available to meet every 
gineering need. Write Dept. JCE outlining 
your problem. Our laboratory staff will be 
BROOKFIELD glad to help you. F 
mesa and ™ 
VISCOMETER emp in wer FREE! voro-' em: 
Makes accurate viscosity determinations. in ULTRA-VIOLET PRODUCTS, INC. 
less than 30 seconds — as simply, quickly, 145 Pasadena Ave South Pasadena, Cal. 
easily as taking temperature. 
BROOKFIELD 
= Counter-Rotating Carcinogenic Hydrocarbons 
MIXER imidazole 
scissor-like cuts per minute. 
Write for fully descriptive li EDCAN LABORATORIES 
COME TO “THE KJELDAHL PEOPLE”... South Norwalk, Connecticut 
... when you want modern Kjeldahl apparatus for TA, /7 eh Faller SL 
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nits; combination units. 
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Add this beautifully illustrated book to your chemistry library, 


The CHEMICAL ARTS 
OLD CHINA 


by 
Li Ch’iao-p’ing 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


FS Sweeping the salted ash in 
ne to heaps after the sea wat 
has evaporated. 


If you are a lover of beautiful books—and 
a chemist besides—you’ll want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


Included in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
leather and glue, soybean products, al- 
coholic beverages and vinegar . . . plus an 
appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 
and measures. 


Working the drainers for 
the preparation of concen- 
trated brine. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 

Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of The Chemical 
Arts of Old China, and to your reading 
pleasure. 

229 pp. $5.00 (postage prepaid) 

($5.50) Foreign 


Final crystallization of 
salt. 


Order your copy today from 


-—— CHEMICAL EDUCATION PUBLICATIONS 


2077 NorTHAMPTON Sr. Easton, Pa. 
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Size 1 Model SBV 


Size 2 Model V 


Two New Centrifuge Models 


New International Size 1 Model SBV and Size 2 Model V Centrifuges embody the many 


time-proven features found in their predecessors — the Size 1 Type SB and Size 2 machines 

—and in addition incorporate important engineering improvements. A transformer-type 
speed controller replaces the resistance rheostat heretofore used and the Centrifuges are now 
shipped to you mounted on a permanently attached sub-base equipped with casters. 


Speed Controller 


Stepless, uniform speed control throughout 
the entire range is achieved and troublesome 
heating of — and heat radiation from — the 
controller is eliminated. Controller and two- 
hour automatic timer are mounted in an at- 
tractive enclosing cabinet conveniently lo- 
cated on the side of the Centrifuge steel guard. 


Sub-Base Mounting 


No assembly of any kind is necessary. No 
separate portable stand to bother with. 
Simply uncrate the completely assembled 
unit, wheel it to the electric outlet and plug 


it in. Specially designed vibration damp- 
eners, incorporated in the sub-base, provide 
maximum absorption of horizontal and vertical 
vibration and prevent their transmission to the 


floor of the laboratory. 


Accessories 


All interchangeable heads, shields, cups, 
and attachments listed for the discontinued 
SB and Size 2 machines fit the new models. 
Thus the Model SBV and Model 2V offer the 
same versatility and adaptability to your re- 
quirements. Send today for descriptive Bulle- 
tins V-1 and V-2 containing complete details. 
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When you need... 

laboratory chemicals from Tested Purity reagent grade to commercial—pre- 
packaged for prompt shipment, 

modern apparatus including test tubes and beakers, Castaloy appliances, 
burettes and bottles, flasks and filter papers, 

laboratory furniture for a completely new installation or single units for a 
specific purpose, direct from stock, 

scientific instruments for weighing or measuring, analyzing or synthesizing, 
mixing or sorting, testing or controlling, 


... write to any of the five conveniently located plants 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN 


PITTSBURGH e NEW YORK e WASHINGTON ST. MONTREA 
717 Forbes (19) 635 Greenwich (14) 7722 Woodbury 2109 Locust (3) 904 St. James 
(Silver Spring, Md.) 
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